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(54) Chimaeric adenoviruses 

(57) The present invention provides methods and 
vector systems for the generation of chimaeric recom- 
binant adenoviruses. These hybrid adenoviruses con- 
tain a genome that is derived from different adenovirus 
serotypes. In particular, novel hybrid adenoviruses are 
disclosed with improved properties for gene therapy 
purposes. These properties include: a decreased sensi- 
tivity towards neutralizing antibodies, a modified host 
range, a change in the titer to which adenovirus can be 
grown, the ability to escape trapping in the liver upon in 
vivo systemic delivery, and absence or decreased infec- 
tion of antigen presenting cells (APC) of the immune 
system, such as macrophages or dendritic cells. 
These chimaeric adenoviruses thus represent improved 
tools for gene therapy and vaccination since they over- 
come the limitations observed with the currently used 
serotype subgroup C adenoviruses. 
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D scription 

[0001 ] The invention relates to the field of molecular genetics and medicine. In particular the present invention relates 
to the field of gene therapy, more in particular to gene therapy using viruses, especially adenoviruses. 
5 [0002] In gene therapy, genetic information is delivered to a host cell in order to either correct (supplement) a genetic 
deficiency in said cell, or to inhibit an unwanted function in said cell, or to eliminate said host ceil. Of course the genetic 
information can also be intended to provide the host cell with a wanted function, for instance to supply a secreted pro- 
tein to treat other cells of the host, etc. 

[0003] Thus there are basically three different approaches in gene therapy, one directed towards compensating a def i- 
10 ciency present in a (mammalian) host; the second directed towards the removal or elimination of unwanted substances 
(organisms or cells) and the third towards providing a cell with a wanted function. 

[0004] For the purpose of gene therapy, adenoviruses have been proposed as suitable vehicles to deliver genes to 
the host. Gene-transfer vectors derived from adenoviruses (so-called adenoviral vectors) have a number of features 
that make them particularly useful for gene transfer. 1) the biology of the adenoviruses is characterized in detail, 2) the 

is adenovirus is not associated with severe human pathology, 3) the virus is extremely efficient in introducing its DNA into 
the host cell, 4) the virus can infect a wide variety of cells and has a broad host-range. 5) the virus can be produced at 
high virus titers in large quantities, and 6) the virus can be rendered replication defective by deletion of the early-region 
1 (E1) of the viral genome (Brody et al. 1994). However, there are still drawbacks associated with the use of adenoviral 
vectors. Typically adenoviruses, especially the well investigated serotypes usually elicit an immune response by a host 

20 into which they are introduced. Also, although the virus generally spoken has a wide infection range, there is a problem 
in targeting certain cells and tissues. Also, the replication and other functions of the adenovirus are not always very welt 
suited for the cells which are to be provided with the additional genetic material. 

[0005] The adenovirus genome is a linear double-stranded DNA molecule of approximately 36000 base pairs. The 
adenovirus DNA contains identical Inverted Terminal Repeats (ITR) of approximately 90-140 base pairs with the exact 

25 length depending on the serotype. The viral origins of replication are within the ITRs exactly at the genome ends. 

Most adenoviral vectors currently used in gene therapy have a deletion in the E1 region, where novel genetic informa- 
tion can be introduced. The E1 deletion renders the recombinant virus replication defective (Levrero et al. 1991). It has 
been demonstrated extensively that recombinant adenovirus, in particular serotype 5 is suitable for efficient transfer of 
genes in vivo to the liver, the airway epithelium and solid tumors in animal models and human xenografts in immunode- 

30 ficient mice (Bout, 1996; Blaese et al., 1995). Thus, preferred methods for in vivo gene transfer into target cells make 
use of adenoviral vectors as gene delivery vehicles. 

[0006] At present, six different subgroups of human adenoviruses have been proposed which in total encompasses 
51 distinct adenovirus serotypes (see table 1). Besides these human adenoviruses an extensive number of animal ade- 
noviruses have been identified (see Ishibashi et al, 1983). 

35 [0007] A serotype is defined on the basis of its immunological distinctiveness as determined by quantitative neutrali- 
zation with animal antisera (horse, rabbit). If neutralization shows a certain degree of cross-reaction between two 
viruses, distinctiveness of serotype is assumed if A) the hemagglutinins are unrelated, as shown by lack of cross-reac- 
tion on hemagglutination-inhibition, or B) substantial biophysical/ biochemical differences in DNA exist (Francki et al, 
1991). The nine serotypes identified last (42-51) were isolated for the first time from HIV- infected patients (Hierholzer 

40 et al 1988; Schnurr et al 1993; De Jong et al 1998). For reasons not well understood, most of such immuno-compro- 
mised patients shed adenoviruses that were rarely or never isolated from immuno-competent individuals (Hierholzer et 
al 1988, 1992; Khoo et al, 1995, De Jong et al, 1998). 

[0008] Besides differences towards the sensitivity against neutralizing antibodies of different adenovirus serotypes, it 
has also been shown that adenoviruses in subgroup C such as Ad2, and Ad5 bind to different receptors as compared 

45 to adenoviruses from subgroup B such as Ad3 (Defer et al. 1990), Likewise, it was demonstrated that receptor specifi- 
city could be altered by exchanging the Ad3 with the Ad 5 knob protein, and vice versa (Krasnykh et al, 1996; Stevenson 
et al, 1995, 1997). The adenovirus serotype 5 is most widely used for gene therapy purposes. Similar to serotypes 2, 4 
and 7, serotype 5 has a natural affiliation towards lung epithelia and other respiratory tissues. In contrast, it is known 
that, for instance, serotypes 40 and 41 have a natural affiliation towards the gastrointestinal tract For a detailed over- 

so view of the disease association of the different adenovirus serotypes see table 2. The serotypes described above, differ 
in at least capsid proteins (penton-base, hexon), proteins responsible for cell binding (fiber protein), and proteins 
involved in adenovirus replication. 

One of the major problems of adenovirus gene therapy is thus that none of the above described serotypes are ideally 
suitable for delivering additional genetic material to host cells. Some have a somewhat limited host range, but have the 
55 benefit of being less immunogenic, some are the other way round. Some have a problem of being of a limited virulence, 
but have a broad host range and/or a reduced immunogenicity. To make things ven more complicated this variation in 
the adenovirus serotypes is also very dependent on the host to be treated. Some hosts may already have encountered 
certain serotypes and thus mount a strong immune response to said serotype or a related serotype. Persons skilled in 
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the art know that there are many other variations on this same theme. 

The present invention now makes use of the fact that some adenoviruses have lower immunogenicity than others, 
which others typically excel in one of the other requirements for an efficient gene therapy regime, such as having a high 
specificity for a certain group of host cells, a good replication machinery in such host cells, a high rate of infection in 

s certain host cells, etc. The invention thus provides chimaeric adenoviruses having the useful properties of at least two 
adenoviruses of different serotypes. Typically, more than two requirements from the above n on -exhaustive list are 
required to obtain an adenovirus capable of efficiently transferring additional material to a host cell and therefore the 
invention provides adenovirus derived vectors which can be used as cassettes to insert different adenoviral genes from 
different adenoviral serotypes at the required sites for obtaining a vector capable of expressing a chimaeric adenovirus, 

w whereby of course also a gene of interest can be inserted at for instance the site of El of the original adenovirus from 
which the vector is derived. In this manner the chimaeric adenovirus to be produced can be adapted to the require- 
ments and needs of certain hosts in need of gene therapy for certain disorders. Of course to enable this production a 
packaging cell will generally be needed in order to produce sufficient amount of safe chimaeric adenoviruses. 
[0009] Thus in one embodiment the invention provides a chimaeric adenovirus comprising at least a part of a fiber 

is protein and/or a protein involved in replication of an adenovirus serotype providing the chimaeric virus with a desired 
host range and/or improved replication properties and at least a part of a penton or hexon protein from another less 
antigenic adenovirus serotype resulting in a less antigenic chimaeric adenovirus. Typically such a virus will be produced 
using a vector (typically a plasmid, a cosmid or baculovirus system which vector is of course also part of the present 
invention. A preferred vector is a vector which can be used to make a chimaeric recombinant virus specifically adapted 

20 to the host to be treated and the disorder to be treated. Such a vector is another embodiment of the present invention. 
Thus the invention also provides a recombinant vector derived from an adenovirus comprising at least one ITR and a 
packaging signal, having an insertion site for a nucleic acid sequence of interest, and further having an insertion site for 
functionally inserting a gene encoding a penton and/or a hexon protein of a first serotype of adenovirus and having an 
insertion site for a gene encoding a fiber protein of a second adenovirus of a different serotype, and/or an insertion site 

25 for a gene derived from a serotype having improved characteristics in the function carried out by that gene or its prod- 
uct. Typically the invention provides cassettes which allow for the production of any desired chimaeric adenovirus, be it 
only derived from two serotypes or as many as needed to obtain the desired characteristics, whereby it is not always 
necessary that all characteristics are the best when seen as single properties. It may not even be necessary, for 
instance, to always alter penton and/or hexon together with another part of adenovirus genes. Sometimes the immuno- 

30 genicity needs not be altered together with other properties. However, it is preferred to use penton and/or hexon genes 
from less immunogenic adenovirus serotypes. An important feature of the present invention is the means to produce 
the chimaeric virus. Typically, one does not want an adenovirus batch to be administered to the host cell which contains 
replication competent adenovirus, although this is not always true, in general therefor it is desired to omit a number of 
genes (but at least one) from the adenoviral genome on the vector encoding the chimaeric virus and to supply these 

35 genes in the genome of the cell in which the vector is brought to produce chimaeric adenovirus. Such a cell is usually 
called a packaging cell. The invention thus also provides a packaging cell for producing a chimaeric adenovirus accord- 
ing to the invention, comprising in trans all elements necessary for adenovirus production not present on the adenoviral 
vector according to the invention. Typically vector and packaging cell have to be adapted to one another in that they 
have all the necessary elements, but that they do not have overlapping elements which lead to replication competent 

40 virus by recombination. 

Thus the invention also provides a kit of parts comprising a packaging cell according to the invention and a recombinant 
vector according the invention whereby there is essentially no sequence overlap leading to recombination resulting in 
the production of replication competent adenovirus between said cell and said vector. 

In order to be able to precisely adapt the viral vector and provide the chimaeric virus with the desired properties at will, 
45 it is preferred that a library of adenoviral genes is provided whereby the genes are located within restriction sites. Typi- 
cally it is preferred to have same kinds of genes of different serotypes within the same restriction sites and to have that 
same restriction site in the adenoviral vector used to produce the chimaeric virus. If all sites for different genes are 
unique then a system to pick and choose from has been made. One can cut a penton gene from the desired serotype 
from the library and insert it at the same site in the vector. One can then use a different restriction enzyme to cut a rep- 
50 lication gene from the bank of a different serotype using another restriction enzyme and insert that gene at the corre- 
sponding restriction site in the chimaeric vector. Thus it is to be preferred to have a vector according to the invention 
where the insertion sites are different and preferably unique restriction sites. Preferably this vector is combined with a 
library having the corresponding genes within the same restriction sites. Methods to use this library and the vector are 
within the skill in the art and are part of the present invention. Typically such a method comprises a number of restriction 
55 and ligation steps and expression of the result in a packaging cell. Also one can use a library from which the different 
desired adenoviral genes are obtained through homologous recombination or a combination of restriction and recom- 
bination. Thus the invention provides a method for producing a chimaeric adenovirus having a desired host range and 
diminished antigenicity, comprising providing a vector according to the invention having the desired insertion sites, 
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inserting into said vector at least a functional part of a penton or hexon protein derived from an adenovirus serotype 
having relatively low antigenicity, inserting at least a functional part of a fiber protein derived from an adenovirus sero- 
type having the desired host range and transfecting said vector in a packaging cell according to the invention and allow- 
ing for production of chimaeric viral particles. Of course other combinations of other viral genes originating from 
5 different serotypes can also be inserted as disclosed herein before. An immunogenic response to adenovirus that typ- 
ically occurs is the production of neutralizing antibodies by the host. This is typically a reason for selecting a penton, 
hexon and/or fiber of a less immunogenic serotype. 

Of course it may not be necessary to make chimaeric adenoviruses which have complete proteins from different sero- 
types. It is well within the skill of the art to produce chimaeric proteins, for instance in the case of fiber proteins it is very 

ro well possible to have the base of one serotype and the shaft and the knob from another serotype. In this manner it 
becomes possible to have the parts of the protein responsible for assembly of viral particles originate from one sero- 
type, thereby enhancing the production of intact viral particles. Thus the invention also provides a chimaeric adenovirus 
according to the invention, wherein the hexon, penton and/or fiber proteins are chimaeric proteins originating from dif- 
ferent adenovirus serotypes. Besides generating chimaeric adenoviruses by swapping entire wild type hexon, penton, 

is fiber (protein) genes etc. or parts thereof, it is also within the scope of the present invention to insert hexon, penton, 
fiber (protein) genes etc. carrying mutations such as point mutations, deletions, insertions etc. which can be easily 
screened for preferred characteristics such as temperature stability, assembly, anchoring, redirected infection, altered 
immune response etc. Again other chimaeric combinations can also be produced and are within the scope of the 
present invention. 

20 The availability of a library of nucleic acids derived from different serotypes allows, among others, the generation of a 
library of chimaeric adenoviruses. The invention therefore further provides a library of chimaeric adenoviruses. In one 
embodiment the invention provides a library of chimaeric adenoviruses wherein said adenoviruses comprise chimaeric 
capsids, i.e. comprising capsid proteins derived at least in part from at least two different adenovirus serotypes. Prefer- 
ably, nucleic acid and/or protein or parts thereof, from at least one representative adenovirus of each adenovirus sub- 
25 group is represented in said (chimaeric) adenovirus library. Preferably, nucleic acid and/or protein or parts thereof is 
derived from more than one representative of each adenovirus subgroup. Most preferably, said library comprises 
nucleic acid and/or protein or a part thereof, from essentially every known representative of each adenovirus subgroup. 
Nucleic acid and/or protein or parts thereof derived from more than one representative adenovirus from each adenovi- 
rus subgroup in said (chimaeric) library is desired because a desirable property may not be a general property of a sub- 
so group. Also, a desirable property of a subgroup of adenovirus may be expressed in different amounts on the various 
members of the subgroup. Ensuring that more than one representative of a subgroup is represented in the library thus 
warrants the selection of the best expressor of the desired property. 

Typically, a library of chimaeric adenoviruses or a part thereof is used in screening assays to determine properties of 
said chimaeric adenoviruses. Any particular chimaeric adenovirus comprising particularly desirable properties can 

35 thereby be identified and subsequently be used in, for instance, the development of an improved nucleic acid delivery 
vehicle. Desirable properties said chimaeric adenovirus library may be screened for include, but are not limited to, target 
cell specificity, reduced immunogenicity, increased immunogenicity, re-directed neutralization, re-directed hemaggluti- 
nation, improved infection efficiency, reduced toxicity, improved replication and/or improved pharmacokinetics such as 
altered tissue distribution upon in vivo administration. Comparison of properties of different chimaeric adenoviruses can 

40 lead to the delineation of adenovirus elements involved in providing an adenovirus with said property. Such knowledge 
can then be used to further optimize nucleic acid delivery vehicles. In one aspect the invention provides a selection of 
(chimaeric) adenoviruses with an improved capacity to transduce macrophage- orfibroblast-like cells compared to ade- 
novirus 5, preferably said (chimaeric) adenoviruses comprise at least part of a tissue tropism determining part of a fiber 
protein of an adenovirus of subgroup B, or a derivative and/or analogue of said fiber protein. The invention further pro- 

45 vides a selection of (chimaeric) adenoviruses with an improved capacity to transduce smooth muscle cells compared 
to adenovirus 5, preferably said (chimaeric) adenoviruses comprise at least part of a tissue tropism determining part of 
a fiber protein of an adenovirus of subgroup B, or a derivative and/or analogue of said fiber protein. A chimaeric aden- 
ovirus library of the invention may further be used to study adenovirus biology. Such a library is for instance very well 
suited to study differences in the biology of the various adenovirus serotypes. In one aspect the invention provides a 

50 selection of (chimaeric) adenoviruses, capable of transducing a CAR negative cell. Preferably said CAR negative cell 
is a amnion fluid cell or a derivative thereof. Preferably said amnion fluid cell is a chorion villi cell or a derivative thereof. 
Preferably said CAR negative cell is a CAR negative hemopoietic cell, such as but not limited to an erythroid precursor 
cell and/or a monocyte precursor cell and/or derivatives thereof. Preferably said (chimaeric) adenoviruses capable of 
transducing a CAR negative cell comprise at least an adenovirus receptor binding part of a fiber protein from an aden- 

55 ovirus of subgroup D or F. 

In one aspect the invention provides a chimaeric adenovirus comprising a re-directed neutralization pattern compared 
to adenovirus 5. Re-directed neutralization is useful in a number of circumstances. For instance, but not limited to, get- 
ting round pre-existing neutralizing antibodies in a patient administered with said chimaeric adenovirus. Pre-existing 
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neutralizing antibodies would neutralize the adenovirus and thereby diminish the effective amount of virus adminis- 
tered. This effect is usually not desired in tor instance gene therapy settings wherein a nucleic acid is to be delivered to 
target cells. However, pre-existing neutralizing antibodies can for instance in other gene therapy applications be an 
advantage when the nucleic acid of interest delivered through said chimaeric adenovirus should not be delivered to 
5 cells throughout the body. Local delivery for instance by using a needle in a solid tissue combined with the presence of 
neutralizing antibodies in the blood that can neutralize leaking chimaeric adenovirus can in that case help to contain the 
transduction to a certain area. 

In another aspect the invention provides a chimaeric adenovirus comprising a re-directed hemagglutination pattern 
compared to adenovirus 5. Re-directed hemagglutination is useful in a number of circumstances. Hemagglutinated 
w material is preferentially taken up by macrophages and derivatives and/or precursors. Thus enhanced hemagglutina- 
tion of a chimaeric adenovirus is preferred in case where enhanced delivery of nucleic acid to said macrophages is 
desired. However, in general the target cell will not be said macrophages thus in those cases a reduced hemagglutina- 
tion is desired. A chimaeric adenovirus re-directed in its hemagglutination is useful for many applications which the per- 
son skilled art can now think of and thus form an integral part of the present invention. 

15 

Detailed description. 

[0010] It has been demonstrated in mice that upon in vivo systemic delivery of recombinant adenovirus serotype 5 
for gene therapy purposes approximately 99% of the virus is trapped in the liver (Herz et al, 1993). Therefore, alteration 
20 of the adenovirus serotype 5 host cell range to be able to target other organs in vivo is a major interest of the invention, 
particularly in combination with other alterations, in particular the immunogenicity. 

[0011] The initial step for successful infection is binding of adenovirus to its target cell, a process mediated through 
fiber protein. The fiber protein has a trimeric structure (Stouten et al, 1992) with different lengths depending on the virus 
serotype (Signas et al 1985; Kidd et all 1993). Different serotypes have polypeptides with structurally similar N and C 

25 termini, but different middle stem regions. N-terminally, the first 30 amino acids are involved in anchoring of the fiber to 
the penton base (Chroboczek et al, 1995), especially the conserved FNPVYP region in the tail (Arnberg et al 1997). 
The C-terminus, or knob, is responsible for initial interaction with the cellular adenovirus receptor. After this initial bind- 
ing secondary binding between the capsid penton base and cell-surface integrins leads to internalization of viral parti- 
cles in coated pits and endocytosis (Morgan et al, 1969; Svensson et al. 1984; Varga et al, 1992; Greber et al, 1993; 

so Wickham et al, 1994). Integrins are ap-heterodimers of which at least 14 ct-subunits and 8 p-subunits have been iden- 
tified (Hynes et al. 1992). The array of integrins expressed in cells is complex and will vary between cell types and cel- 
lular environment Although the knob contains some conserved regions, between serotypes, knob proteins show a high 
degree of variability, indicating that different adenovirus receptors exist. For instance, it has been demonstrated that 
adenoviruses of subgroup C (Ad2, Ad5) and adenoviruses of subgroup B (Ad3) bind to different receptors (Defner et al, 

35 1 990). The fiber protein also contains the type specific y-antigen, which together with the e-antigen of the hexon deter- 
mines the serotype specificity. The y-antigen is localized on the fiber and it is known that it consists of 17 amino acids 
(Eiz et al, 1997). The anti-fiber antibodies of the host are therefore directed to the trimeric structure of the knob. The 
anti-fiber antibodies together with antibodies directed against the penton base and hexon proteins are responsible for 
the neutralization of adenovirus particles. First the anti -fiber antibodies uncoat the adenovirus particles after which the 

40 penton base is accessible to the anti -penton base antibodies (Gahery-Segard et al, 1998). Although this seems to be 
a very effective way to neutralize adenovirus particles others have described that the anti-hexon antibodies are the most 
effective ones in neutralization of the particles (Gall et al, 1996). 

[001 2] To obtain re-directed infection of recombinant adenovirus serotype 5, several approaches have been or still are 
under investigation. Wickham et al has altered the RGD (Arg, Gly, Asp) motif in the penton base which is believed to be 

45 responsible for the and c^Ps integrin binding to the penton base. They have replaced this RGD motif by another 
peptide motif which is specific for the receptor. In this way targeting the adenovirus to a specific target cell could 
be accomplished (Wickham et al, 1995, 1996). Krasnykh et al has made use of the HI loop available in the knob. This 
loop is, based on X-ray crystallographies, located on the outside of the knob trimeric structure and therefore is thought 
not to contribute to the intramolecular interactions in the knob (Krasnykh et al, 1998). However, complete CAR inde- 

50 pendent infection was not observed. 

[0013] It is an object of the present invention to provide a method and means by which adenoviruses can be con- 
structed with an altered immune response, or with the absence or decreased infection in antigen presenting cells such 
as dendritic cells or macrophages. It is a further object of the present invention to provide methods for the generation 
of chimaeric adenoviruses as described above which can be targeted to specific cell types in vitro as well as in vivo 

55 have an altered tropism for certain cell types. It is a further object of the present invention to provide a method and 
means by which such an adenovirus can be used as a protein or nucleic acid delivery vehicle to a specific cell type or 
tissue. 

The generation of chimaeric adenoviruses based on adenovirus serotype 5 with modified late genes is described. For 
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this purpose, three plasmids. which together contain the complete adenovirus serotype 5 genome, were constructed. 
From these plasmids the DNA encoding the adenovirus serotype 5 penton-base protein, hexon protein, and fiber pro- 
tein were removed and replaced by linker DNA sequences which facilitate easy cloning. These plasmids subsequently 
served as template for the insertion of DNA encoding for penton-base protein, hexon protein, and fiber protein derived 

5 from different adenovirus, serotypes (human or animal). The DNAs derived from the different serotypes were obtained 
using the polymerase chain reaction technique in combination with (degenerate) oligonucleotides. At the former E1 
location in the genome of adenovirus serotype 5. any gene of interest can be cloned. A single transfection procedure 
of the three plasmids together resulted in the formation of a recombinant chimaeric adenovirus. This new technology of 
libraries consisting of chimaeric adenoviruses thus allows for a rapid screening for improved recombinant adenoviral 

10 vectors for in vitro and in vivo gene therapy purposes. 

Although successful introduction of changes in the adenovirus serotype 5 fiber and penton-base have been reported, 
the complex structure of knob and the limited knowledge of the precise amino acids interacting with CAR render such 
targeting approaches laborious and difficult. To overcome the limitations described above we used pre-existing adeno- 
virus fibers, penton base proteins, and hexon proteins derived from other adenovirus serotypes. By generating chimae- 

15 ric adenovirus serotype 5 libraries containing structural proteins of alternative adenovirus serotypes, we have 
developed a technology which enables rapid screening for a recombinant adenoviral vector with preferred characteris- 
tics. 

[0014] In one aspect this invention describes the use of chimaeric adenoviruses to overcome, natural existing or 
induced, neutralizing host activity towards recombinant adenoviruses administered in vivo for therapeutic applications. 
20 The host immune response is predominantly directed against penton base - and hexon proteins present in the adeno- 
viral capsid and to a lesser extend directed to fiber. 

The adenovirus serotypes are defined by the inability to cross-react with neutralizing antibodies in animal sera. There- 
fore chimaeric viruses based on for example adenovirus serotype 5 but chimaeric for penton base protein, and/ or 
hexon protein provoke an altered, less severe immune response. The need for such chimaeric adenoviruses is stressed 
25 by observations that 1 ) repeated systemic delivery of recombinant adenovirus serotype 5 is unsuccessful due to forma- 
tion of high titers of neutralizing antibodies against the recombinant adenovirus serotype 5 (Schulick et al. 1997), and 
2) pre-existing or natural immunity. 

This aspect of the invention therefore circumvents the inability to repeat the administration of an adenovirus for gene 
therapy purposes. Preferably, the penton base-, hexon-, and f toer proteins are derived from adenoviruses in subgroup 
30 B and D and are more specifically of the adenovirus serotype 16, 24, 33, 36. 38, 39. 42, and 50. This latter is because 
these serotypes are rarely isolated from humans indicating that low titers of circulating neutralizing antibodies are 
present against these serotypes. 

[0015] In another aspect this invention describes chimaeric adenoviruses and methods to generate these viruses that 
have an altered tropism different from that of adenovirus serotype 5. For example, viruses based on adenovirus sero- 
35 type 5 but displaying any adenovirus fiber existing in nature. This chimaeric adenovirus serotype 5 is able to infect cer- 
tain cell types more efficiently, or less efficiently in vitro and in vivo than the adenovirus serotype 5. Such cells include 
but are not limited to endothelial cells, smooth muscle cells, dendritic cells, neuronal cells, glial cells, synovical cells, 
lung epithelial cells, hemopoietic stem cells, monocytic/macrophage cells etc. 

[0016] In another aspect this invention describes methods which identify chimaeric adenoviruses that display 

40 improved in vitro amplification in static or suspension cell cultures. Adenoviruses derived from different subgroups, but 
also within one subgroup, display a high variability in productive infection in cell types that are used for production of 
recombinant adenovirus. Table 2 lists an overview of different adenovirus serotypes and their association with human 
disease, demonstrating that replication of a given adenovirus serotype is enhanced in certain cell types. For the pro- 
duction of recombinant adenoviruses for gene therapy purposes, several cell lines are available. These include but do 

45 not limit PER.C6, 91 1, 293, and E1 A549. These adenovirus producer cells may not be the most suited cell types to 
amplify adenovirus serotype 5 based viruses. Therefore, in this aspect of the invention we select adenoviruses from dif- 
ferent serotypes based on their ability to propagate for example on PER.C6 and use their early genes (without E1) and 
ITRs to construct chimaeric viruses which are superior in terms of propagation and thus yield higher titers as compared 
to commonly used adenovirus serotype 2 or 5. 

so [0017] In another aspect the invention describes the construction and use of libraries consisting of distinct parts of 
adenovirus serotype 5 in which one or more genes or sequences have been replaced with DNA derived from alternative 
human or animal serotypes. This set of constructs, in total encompassing the complete adenovirus genome, allows for 
the construction of unique chimaeric adenoviruses customized for a certain group of patients or even a single individual. 
[0018] In all aspects of the invention the chimaeric adenoviruses may, or may not, contain deletions in the E1 region 

55 and insertions of heterologous genes linked either or not to a promoter. Furthermore, chimaeric adenoviruses may, or 
may not, contain deletions in the E3 region and insertions of heterologous genes linked to a promoter. Furthermore, chi- 
maeric adenoviruses may, or may not, contain deletions in the E2 and/ or E4 region and insertions of heterologous 
genes linked to a promoter. In the latter case E2 and/ or E4 complementing celt lines are required to generated recom- 
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Exampl 1:G nerati n of adenovirus serotyp 5 gen mic plasmid clones 

5 [0019] The complete genome of adenovirus serotype 5 has been cloned into various plasmids or cosmids to allow 
easy modification of parts of the adenovirus serotype 5 genome, while still retaining the capability to produce recom- 
binant virus. For this purpose the following plasmids were generated: 

1. pBr/Ad.Bam-rlTR (ECACC deposit P97082122) 

10 

[0020] In order to facilitate blunt end cloning of the ITR sequences, wild-type human adenovirus type 5 (Ad5) DNA 
was treated with Klenow enzyme in the presence of excess dNTPs. After inactivation of the Klenow enzyme and purifi- 
cation by phenol/chloroform extraction followed by ethanol precipitation, the DNA was digested with BamHI. This DNA 
preparation was used without further purification in a ligation reaction with pBr322 derived vector DNA prepared as fol- 
is lows: pBr322 DNA was digested with EcoRV and BamHI, dephosphorylated by treatment with TSAP enzyme (Life 
Technologies) and purified on LMP agarose gel (SeaPlaque GTG). After transformation into competent E.coli DH5a 
(Life Techn.) and analysis of ampiciline resistant colonies, one clone was selected that showed a digestion pattern as 
expected for an insert extending from the BamHI site in Ad5 to the right ITR. 

Sequence analysis of the cloning border at the right ITR revealed that the most 3' G residue of the ITR was missing, the 
20 remainder of the ITR was found to be correct. Said missing G residue is complemented by the other ITR during repli- 
cation. 

2. pBr/Ad.Sal-rlTR f ECACC deposit P97082119) 

25 [0021] pBr/Ad.Bam-rlTR was digested with BamHI and Sail. The vector fragment including the adenovirus insert was 
isolated in LMP agarose (SeaPlaque GTG) and ligated to a 4.8 kb Sall-BamHI fragment obtained from wt Ad5 DNA and 
purified with the Geneclean II kit (Bio 101, Inc.). One clone was chosen and the integrity of the Ad5 sequences was 
determined by restriction enzyme analysis. Clone pBr/Ad.Sal-rlTR contains adeno type 5 sequences from the Sail site 
at bp 16746 up to and including the rITR (missing the most 3* G residue). 

30 

3. pBr/Ad.Cla-Bam (ECACC deposit P97082117) 

[0022] wt Adeno type 5 DNA was digested with Clal and BamHI, and the 20.6 kb fragment was isolated from gel by 
electro-elution. pBr322 was digested with the same enzymes and purified from agarose gel by Geneclean. Both frag- 
35 ments were ligated and transformed into competent DH5a. The resulting clone pBr/Ad.Cla-Bam was analyzed by 
restriction enzyme digestion and shown to contain an insert with adenovirus sequences from bp 919 to 21566. 

4. pBr/Ad.Aflll-Bam (ECACC deposit P970821 14) 

40 [0023] Clone pBr/Ad.Cla-Bam was linearized with EcoRI (in pBr322) and partially digested with Aflll. After heat inac- 
tivation of Aflll for 20' at 65°C the fragment ends were filled in with Klenow enzyme. The DNA was then ligated to a blunt 
double stranded oligo linker containing a Pad site (5'-AATTGTC TTAATTAA CCGCTTAA-3'). This linker was made by 
annealing the following two oligonucleotides: 5'-AATTGTCTTAATTAACCGC-3' and S'-AATTGCGGTTAATTAAGAC-S', 
followed by blunting with Klenow enzyme. After precipitation of the ligated DNA to change buffer, the ligations were 

45 digested with an excess Pad enzyme to remove concatamers d the oligo. The 22016 bp partial fragment containing 
Ad5 sequences from bp 3534 up to 21566 and the vector sequences, was isolated in LMP agarose (SeaPlaque GTG), 
religated and transformed into competent DH5a. One clone that was found to contain the Pad site and that had retained 
the large adeno fragment was selected and sequenced at the 5' end to verify corred insertion of the Pad linker in the 
(lost) Aflll site. 

50 

5. D Br/Ad.Bam-rlTRpac#2 (ECACC deposit P97082120) and oBr/Ad.Bam-rlTR#8 (ECACC deposit P97082121) 

[0024] To allow insertion d a Pad site near the ITR of Ad5 in clone pBr/Ad.Bam-rlTR about 190 nucleotides were 
removed between the Clal site in the pBr322 backbone and the start of the ITR sequences. This was done as follows: 
55 pBr/Ad.Bam-rlTR was digested with Clal and treated with nuclease Bal31 for varying lengths of time (2\ 5", 1 0' and 1 5"). 
The extent of nucleotide removal was followed by separate readions on pBr322 DNA (also digested at the Clal site), 
using identical buffers and conditions. Bal31 enzyme was inadivated by incubation at 75°C for 10 minutes, the DNA 
was precipitated and resusp ended in a smaller volume of TE buffer. To ensure blunt ends, DNAs were further treated 
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with T4 DNA polymerase in the presence of excess dNTPs. After digestion of the (control) pBr322 DNA with Sail, sat- 
isfactory degradation (~150 bp) was observed in the samples treated for 10* or 15'. The 10' or 15* treated pBr/Ad.Bam- 
rlTR samples were then ligated to the above described blunted Pad linkers (See pBr/Ad.Aflll-Bam). Ligations were puri- 
fied by precipitation, digested with excess Pad and separated from the linkers on an LMP agarose gel. After religation. 
5 DNAs were transformed into competent DH5a and colonies analyzed. Ten clones were selected that showed a deletion 
of approximately the desired length and these were further analyzed by Ttrack sequencing (T7 sequencing kit, Phar- 
macia Biotech). Two clones were found with the Pad linker inserted just downstream of the rITR. After digestion with 
Pad, clone #2 has 28 bp and clone #8 has 27 bp attached to the ITR. 

w oWE/Ad.Aflll-rlTR (ECACC deposit P970821 16) 

[0025] Cosmid vector pWE1 5 (Clontech) was used to clone larger Ad5 inserts. First, a linker containing a unique Pad 
site was inserted in the EcoRI sites of pWE15 creating pWE.pac. To this end. the double stranded Pad oligo as 
described for pBr/Ad.Aflll-BamHI was used but now with its EcoRI protruding ends. The following fragments were then 
is isolated by electro-elution from agarose gel: pWE.pac digested with Pad, pBr/Af Ill-Bam digested with Pad and Bam HI 
and pBr/Ad.Bam-rlTR#2 digested with BamHI and Pad. These fragments were ligated together and packaged using 1 
phage packaging extracts (Stratagene) according to the manufacturer's protocol. After infection into host bacteria, col- 
onies were grown on plates and analyzed for presence of the complete insert. pWE/Ad.Aflll-rlTR contains all adenovi- 
rus type 5 sequences from bp 3534 (Aflll site) up to and including the right ITR (missing the most 3' G residue). 

20 

pBr/Ad.HTR-Sal(9.4) (ECACC deposit P97082115) 

[0026] Adeno 5 wt DNA was treated with Klenow enzyme in the presence of excess dNTPs and subsequently 
digested with Sail. Two of the resulting fragments, designated left ITR-Sal(9.4) and Sal(l6.7)-right ITR, respectively, 
25 were isolated in LMP agarose (Seaplaque GTG). pBr322 DNA was digested with EcoRV and Sail and treated with 
phosphatase (Life Technologies). The vector fragment was isolated using the Geneclean method (BIO 101, Inc.) and 
ligated to the Ad5 Salt fragments. Only the ligation with the 9.4 kb fragment gave colonies with an insert. After analysis 
and sequencing of the cloning border a clone was chosen that contained the full ITR sequence and extended to the Sail 
site at bp 9462. 

30 

pBr/Ad.llTR-Salf16.7) (ECACC deposit P970821 18) 

[0027] pBr/Ad.HTR-Sal(9.4) is digested with Sail and dephosphorylated (TSAP, Life Technologies). To extend this 
clone upto the third Sail site in Ad5, pBr/Ad.Cla-Bam was linearized with BamHI and partially digested with Sail. A 7.3 
35 kb Sail fragment containing adenovirus sequences from 9462-16746 was isolated in LMP agarose gel and ligated to 
the Sail-digested pBr/Ad.HTR-Sal(9.4) vector fragment. 

oWE/Ad.Aflll-EcoRI 

40 [0028] pWE.pac was digested with Clal and 5' protruding ends were filled using Klenow enzyme. The DNA was then 
digested with Pad and isolated from agarose gel. pWE/Aflll-rlTR was digested with EcoRI and after treatment with Kle- 
now enzyme digested with Pad. The large 24 kb fragment containing the adenoviral sequences was isolated from aga- 
rose gel and ligated to the ClaWigested and blunted pWE.pac vector using the Ligation Express 1 ™ kit from Clontech. 
After transformation of Ultracompetent XLIO-Gold cells from Stratagene. clones were identified that contained the 

45 expected insert. pWE/Afltl-EcoRI contains Ad5 sequences from bp 3534-27336. 

Construction of new adapter plasmids 

[0029] The absence of sequence overlap between the recombinant adenovirus and E1 sequences in the packaging 
so cell line is essential for safe, RCA-free generation and propagation of new recombinant viruses. The adapter plasmid 
pMLPl.TK (figure. 1) is an example of an adapter plasmid designed for use according to the invention in combination 
with the improved packaging cell lines of the invention. This plasmid was used as the starting material to make a new 
vedor in which nucleic acid molecules comprising specific promoter and gene sequences can be easily exchanged. 
[0030] First, a PCR fragment was generated from pZipAMo+PyF101(N") template DNA (described in 
55 PCT/NL96/00195) with the following primers: LTR-1 : 5*-CTG TAC GTA CCA GTG CAC TGG CCT AGG CAT GGA AAA 
ATA CAT AAC TG-3* and LTR-2: 5-GCG GAT CCT TCG AAC CAT GGT AAG CTT GGT ACC GCT AGC GTT AAC CGG 
GCG ACT CAG TCA ATC G-3*. Pwo DNA polymerase (Boehringer Mannheim) was used according to manufadurers 
protocol with the following temperature cycles: once 5' at 95°C; 3' at 55°C; and 1 ' at 72°C, and 30 cycles of 1 ' at 95°C. 
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V at 60°C. V at 72°C, followed by once 10* at 72°C. The PCR product was then digested with BamHI and ligated into 
pMLPIO (Levrero et a/., 1991) vector digested with Pvull and BamHI, thereby generating vector pLTRIO. This vector 
contains adenoviral sequences from bp 1 up to bp 454 followed by a promoter consisting of a part of the Mo-MuLV LTR 
having its wild-type enhancer sequences replaced by the enhancer from a mutant polyoma virus (PyF101). The pro- 

5 mater fragment was designated L420. Next, the coding region of the murine HSA gene was inserted. pLTRIO was 
digested with BstBI followed by Klenow treatment and digestion with Ncol. The HSA gene was obtained by PCR ampli- 
fication on PUC18-HSA (Kay eta!., 1990) using the following primers: HSA1, 5'-GCG CCA CCATGG GCA GAG CGA 
TGG TGG C-3 1 and HSA2, 5-GTT AGA TCT AAG CTT GTC GAC ATC GAT CTA CTA ACA GTA GAG ATG TAG AA-3'. 
The 269 bp amplified fragment was subcloned in a shuttle vector using the Ncol and Bglll sites. Sequencing confirmed 

TO incorporation of the correct coding sequence of the HSA gene, but with an extra TAG insertion directly following the TAG 
stop codon. The coding region of the HSA gene, including the TAG duplication was then excised as a Ncol (sticky)-Sall 
(blunt) fragment and cloned into .the 3.5 kb Ncol(sticky)/BstBI(blunt) fragment from pLTRIO, resulting in pLTR-HSA10. 
Finally, pLTR-HSA10 was digested with EcoRI and BamHI after which the fragment containing the left ITR, packaging 
signal, L420 promoter and HSA gene was inserted into vector pMLPl.TK digested with the same enzymes and thereby 

is replacing the promoter and gene sequences. This resulted in the new adapter plasmid pAd/L420-HSA (figure. 2) that 
contains convenient recognition sites for various restriction enzymes around the promoter and gene sequences. SnaBI 
and Avrll can be combined with Hpal, Nhel, Kpnl, Hindlll to exchange promoter sequences, while the latter sites can 
be combined with the Clal or BamHI sites 3' from HSA coding region to replace genes in this construct. 
Another adapter plasmid that was designed to allow easy exchange of nucleic acid molecules was made by replacing 

20 the promoter, gene and poly A sequences in pAd/L420-HSA with the CMV promoter, a multiple cloning site, an intron 
and a poly-A signal. For this purpose, pAd/L420-HSA was digested with Avrll and Bglll followed by treatment with Kle- 
now to obtain blunt ends. The 5. 1 kb fragment with pBr322 vector and adenoviral sequences was isolated and ligated 
to a blunt 1570 bp fragment from pcDNA1/amp (Invitrogen) obtained by digestion with Hhal and Avrll followed by treat- 
ment with T4 DNA polymerase. This adapter plasmid was named pCLIP.Luc (figure. 3). 

25 

Generation of recombinant adenoviruses 

[0031] To generate E1 deleted recombinant adenoviruses with the new plasmid-based system, the following con- 
structs are prepared: 

30 

a) An adapter construct containing the expression cassette with the gene of interest linearized with a restriction 
enzyme that cuts at the 3' side of the overlapping adenoviral genome fragment, preferably not containing any 
pBr322 vector sequences, and 

b) A complementing adenoviral genome construct pWE/Ad.Aflll-rlTR digested with Pad. 

35 

These two DNA molecules are further purified by phenol/chloroform extraction and EtOH precipitation. Co-transfection 
of these plasmids into an adenovirus packaging cell line, preferably a cell line according to the invention, generates 
recombinant replication deficient adenoviruses by a one-step homologous recombination between the adapter and the 
complementing construct (figure. 4). 

40 Alternatively, in stead of pWE/Ad.Af MI-rlTR other fragments can be used, e.g., pBr/Ad.Cla-Bam digested with EcoRI and 
BamHI or pBr/Ad.Aflll-BamHI digested with Pad and BamHI can be combined with pBr/Ad.Sal-rlTR digested with Sail. 
In this case, three plasmids are combined and two homologous recombinations are needed to obtain a recombinant 
adenovirus (figure. 5). It is to be understood that those skilled in the art may use other combinations of adapter and 
complementing plasmids without departing from the present invention. 

45 A general protocol as outlined below and meant as a non-limiting example of the present invention has been performed 
to produce several recombinant adenoviruses using various adapter plasmids and the Ad. AflH-rlTR fragment. Adenovi- 
rus packaging cells (PER.C6) were seeded in '25 cm 2 flasks and the next day when they were at ~80% confluency. 
transfected with a mixture of DNA and lipofectamine agent (Life Techn.) as described by the manufacturer. Routinely, 
40 m' lipofectamine, 4 u.g adapter plasmid and 4 u.g of the complementing adenovirus genome fragment Aflll- rITR (or 

so 2 f.ig of all three plasmids for the double homologous recombination) are used. Under these conditions transient trans- 
fection efficiencies of ~50% (48 hrs post transfectton) are obtained as determined with control transfections using a 
pAd/CMV-LacZ adapter. Two days later, cells are passaged to ~80 cm 2 flasks and further cultured. Approximately five 
(for the single homologous recombination) to eleven days (for the double homologous recombination) later a cytopath- 
ogenic effect (CPE) is seen, indicating that functional adenovirus has formed. Cells and medium are harvested upon 

55 full CPE and recombinant virus is released by freeze-thawing. An extra amplification step in an 80 cm 2 flask is routinely 
performed to increase the yield since at the initial stage the titers are found to be variable despite the occurrence of full 
CPE. After amplification, viruses are harvested and plaque purified on PER.C6 cells. Individual plaques are tested for 
viruses with active transgenes. 
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[0032] Besides replacements in the E1 region it is possible to delete or replace (part of) the E3 region in the adeno- 
virus because E3 functions ar not necessary for the replication, packaging and infection of the (recombinant) virus. 
This creates the opportunity to use a larger insert or to insert more than one gene without exceeding the maximum 
package size (approximately 105% of wt genome length). This can be done, e.g., by deleting part of the E3 region in 
the pBr/Ad.Bam-rlTR clone by digestion with Xbal and religation. This removes Ad5 wt sequences 28592-30470 includ- 
ing all known E3 coding regions. Another example is the precise replacement of the coding region of gp19K in the E3 
region with a polylinker allowing insertion of new sequences. This, 1) leaves all other coding regions intact and 2) obvi- 
ates the need for a heterologous promoter since the transgene is driven by the E3 promoter and pA sequences, leaving 
more space for coding sequences. 

To this end, the 2.7 kb EcoRI fragment from wt Ad5 containing the 5' part of the E3 region was cloned into the EcoRI 
site of pBluescript (KS ) (Stratagene). Next, the Hindlll site in the polylinker was removed by digestion with EcoRV and 
Hincll and subsequent religation. The resulting clone pBS.Eco-Eco/ad5DHIII was used to delete the gp19K coding 
region. Primers 1 (5 -GGG TAT TAG GCC AA AGG CGC A-3') and 2 (5'-GAT CCC ATG GAA GCT TGG GTG GCG ACC 
CCA GCG-3') were used to amplify a sequence from pBS.Eco-Eco/Ad5DHIII corresponding to sequences 28511 to 
28734 in wt Ad5 DNA. Primers 3 (5'-GAT CCC ATG GGG ATC CTT TAG TAA GTT ACA AAG CTA-3') and 4 (5'-GTC 
GCT GTA GTT GGA CTG G-3') were used on the same DNA to amplify Ad5 sequences from 2921 7 to 29476. The two 
resulting PCR fragments were ligated together by virtue of the new introduced Ncol site and subsequently digested with 
Xbal and Muni. This fragment was then ligated into the pBS.Eco*Eco/ad5 AH III vector that was digested with Xbal (par- 
tially) and Muni generating pBS.Eco-Eco/ad5AHIII.Agp19K. To allow insertion of foreign genes into the Hindlll and 
BamHI site, an Xbal deletion was made in pBS.Eco-Eco/ad5AHIII.Agp19K to remove the BamHI site in the Bluescript 
polylinker. The resulting plasmid pBS.Eco-Eco/ad5AHWAgp19KAXbal, contains unique Hindlll and BamHI sites corre- 
sponding to sequences 28733 (Hindlll) and 29218 (BamHI) in Ad5. After introduction of a foreign gene into these sites, 
either the deleted Xbal fragment is re-introduced, or the insert is recloned into pBS.Eco-Eco/ad5AHIII.Agp19K using 
Hindlll and for example Muni. Using this procedure, we have generated plasmids expressing HSV-TK, hlL-1a, rat IL-3, 
luciferase or LacZ. The unique Srfl and Notl sites in the pBS.Eco-Eco/ad5AHIII.Agp19K plasmid (with or without 
inserted gene of interest) are used to transfer the region comprising the gene of interest into the corresponding region 
of pBr/Ad.Bam-rlTR, yielding construct pBr/Ad.Bam-rlTRAgp19K (with or without inserted gene of interest). This con- 
struct is used as described supra to produce recombinant adenoviruses. In the viral context, expression of inserted 
genes is driven by the adenovirus E3 promoter. 

Recombinant viruses that are both E1 and E3 deleted are generated by a double homologous recombination procedure 
as described above for E1 -replacement vectors using a plasmid-based system consisting of: 

a) an adapter plasmid for E1 replacement according to the invention, with or without insertion of a first gene of inter- 
est. 

b) the pWE/Ad.Aflll-EcoRI fragment, and 

c) the pBr/Ad.Bam-rlTRAgp19K plasmid with or without insertion of a second gene of interest. 

[0033] In addition to manipulations in the E3 region, changes of (parts of) the E4 region can be accomplished easily 
in pBr/Ad.Bam-rlTR. Generation and propagation of such a virus, however, in some cases demands complementation 

in trans. 

Example 2: Generation of adenovirus serotype 5 based viruses with chimaeric fiber proteins 

[0034] The method described infra to generate recombinant adenoviruses by co-transfection of two, or more separate 
cloned adenoviral sequences. These cloned adenoviral sequences were subsequently used to remove specific adeno- 
virus serotype 5 sequences in order to generate template clones which allow for the easy introduction of DNA 
sequences derived from other adenovirus serotypes. As an example of these template clones, the construction of plas- 
mids enabling swapping of DNA encoding for fiber protein is given below. 

Generation of adenovirus template clones lacking DNA encoding fiber 

[0035] The fiber coding sequence of adenovirus serotype 5 is located between nucleotides 31042 and 32787. To 
remove the adenovirus serotype 5 DNA encoding fiber we started with construct pBr/Ad.Bam-rlTR. First a Ndel site was 
removed from this construct. For this purpose, pBr322 plasmid DNA was digested with Ndel after which protruding ends 
were filled using Klenow enzyme. This pBr322 plasmid was then re-ligated, digested with Ndel and transformed into 
E.cofi DH5a. The obtained pBr/ANdel plasmid was digested with Seal and Sail and the resulting 3198 bp vector frag- 
ment was ligated to the 15349 bp Seal-Sail fragment derived from pBr/Ad.BamrlTR, resulting in plasmid pBr/Ad.Bam- 
rlTRANdel which hence contained a unique Ndel site. Next a PCR was performed with oligonucleotides NY-up: 5'- CGA 
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CAT ATG TAG ATG CAT TAG TTT GTG TTA TGT TTC AAC GTG-3' 

And NY-down :5'-GGA GAC CAC TGC CAT GTT-3'(figure 6). During amplification, both a Ndel (bold face) and a Nsil 
restriction site (underlined) were introduced to facilitate cloning of the amplified fiber DNAs. Amplification consisted of 
25 cycles of each 45 sec. at 94°C, 1 min. at 60°C. and 45 sec. at 72°C. The PCR reaction contained 25 pmol of oligo- 

5 nucleotides NY-up or NY-down, 2mM dNTP, PCR buffer with 1.5 mM MgCl 2 , and 1 unit of Elongase heat stable polymer- 
ase (Gibco, The Netherlands). One-tenth of the PCR product was run on an agarose gel which demonstrated that the 
expected DNA fragment of i. 2200 bp was amplified. This PCR fragment was subsequently purified using Geneclean 
kit system (BiolOI Inc.). Then, both the construct pBr/Ad.Bam-rlTRANdel as well as the PCR product were digested 
with restriction enzymes Ndel and Sbfl. The PCR fragment was subsequently cloned using T4 ligase enzyme into the 

w Ndel and Sbfl digested pBr/Ad.Bam-rlTRANdel, generating pBr/Ad.BamRAFib. This plasmid allows insertion of any 
PCR amplified fiber sequence through the unique Ndel and Nsil sites that are inserted in place of the removed fiber 
sequence. Viruses can be generated by a double homologous recombination in packaging cells described infra using 
an adapter plasmid, construct pBr/Ad.Aflll-EcoRI digested with Pad and EcoRI and a p Br/ Ad. Bam RA Fib construct in 
which heterologous fiber sequences have been inserted. To increase the efficiency of virus generation, the construct 

is pBr/Ad.BamRAFib was modified to generate a Pad site flanking the right ITR. Hereto, pBr/Ad.BamRAFib was digested 
with Avrll and the 5 kb adeno fragment was isolated and introduced into the vector pBr/Ad.Bam-rlTR.pac#8 replacing 
the corresponding Avrll fragment. The resulting construct was named pBr/Ad.BamRAFib.pac. Once a heterologous 
fiber sequence is introduced in pBr/Ad.BamRAFib.pac, the fiber modified right hand adenovirus clone may be intro- 
duced into a large cosmid clone as described for pWE/Ad.Aflll-rlTR in example 1. Such a large cosmid clone allows 

20 generation of adenovirus by only one homologous recombination making the process extremely efficient. 

Amplification of fiber sequences from adenovirus serotyp es 

[0036] To enable amplification of the DNAs encoding fiber protein derived from alternative serotypes degenerate oli- 
25 gonucleotides were synthesized. For this purpose, first known DNA sequences encoding fiber protein of alternative 
serotypes were aligned to identify conserved regions in both the tail-region as well as the knob-region of the fiber pro- 
tein. From the alignment, which contained the nucleotide sequence of 19 different serotypes representing all 6 sub- 
groups, (degenerate) oligonucleotides were synthesized (see table 3). Also shown in table 3 is the combination of 
oligonucleotides used to amplify the DNA encoding fiber protein of a specific serotype. The amplification reaction (50 
30 pi) contained 2 mM dNTPs, 25 pmol of each oligonucleotide, standard 1x PCR buffer, 1,5 mM MgCI 2 . and 1 Unit Pwo 
heat stable polymerase (Boehringer) per reaction. The cycler program contained 20 cycles, each consisting of 30 sec. 
94°C, 60 sec. 60-64°C, and 1 20 sec. at 72°C. One-tenth of the PCR product was run on an agarose gel which demon- 
strated that a DNA fragment was amplified. Of each different template, two independent PCR reactions were performed 
after which the independent PCR fragments obtained were sequenced to determine the nucleotide sequence. From 1 1 
35 different serotypes, the nucleotide sequence could be compared to sequences present in Gen Bank, Of all other sero- 
types, the DNA encoding fiber protein was unknown till date and was therefore aligned with known sequences from 
other subgroup members to determine homology i.e. sequence divergence. Of the 51 human serotypes known to date, 
all fiber sequences, except for serotypes 1, 6, and 26, have been amplified and sequenced. The protein sequences of 
the fiber from different adenovirus serotypes is given in figure 7. 

40 

Generation of fiber chimaeric adenoviral DNA constructs 

[0037] All amplified fiber DNAs as well as the vector (pBr/Ad.BamRA Fib) were digested with Ndel and Nsil. The 
digested DNAs was subsequently run on a agarose gel after which the fragments were isolated from the gel and puri- 

45 tied using the Geneclean kit (BiolOI Inc). The PCR fragments were then cloned into the Ndel and Nsil sites of 
pBr/AdBamRAFib. thus generating pBr/AdBamRFibXX (where XX stands for the serotype number of which the fiber 
DNA was isolated). So far the fiber sequence of serotypes 5/ 7/ 8/ 9/ 10/ 11/12/13/ 14/ 16/17/19/ 21/ 24/ 27/ 28/ 29/ 
30/ 32/ 33/ 34/ 35/ 36/ 37/ 38/ 40-S/ 40-L7 41 -S/ 42/45/ 47/ 49/ 51 have been cloned into pBr/AdBamRFibXX. From 
pBr/AdBamRFibXX (where XX is 5/ 8/ 9/ 10/ 1 1/ 13/ 16/ 1 7/ 24/ 27/ 30/ 32/ 33/ 34/ 35/ 38/ 40-S/ 40-L7 45/ 47/ 49/51) 

so an 6 kb Avrll fragment encompassing the fiber sequence was isolated via gelelectrophoresis and GeneClean. This Avrll 
fragment was subsequently cloned in plasmid pBr/Ad.Bam-rlTR.pac (see example 1) which was digested to completion 
with Avrll and dephosphorylated as described previously, leading to the generation of the plasmid pBr/Ad.Bam- 
r ITR. pact ibXX. This plasmid was subsequently used to generate a cosmid clone with a modified fiber using the con- 
structs pWE.pac, pBr/Aflll-Bam and pBr/Ad.Bam-rlTR.pac.fibXX. This cosmid cloning resulted in the formation of con- 

55 struct pWE/Ad.Aflll-rtTR/FibXX (where XX stands for the serotype number of which the fiber DNA was isolated). 
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Generation f pAd5/L420.HSA, pAd5/Clip and pAd5/Ctipsal 

[0038] pMLPl.TK was used to make a new vector in which nucleic acid molecules comprising specific promoter and 
gene sequences can be easily exchanged. 

5 First, a PCR fragment was generated from pZipAMo+PyF10t(N") template DNA (described in PCT/NL96/00195) with 
the following primers: LTR-1: 5'-CTG TAC GTA CCA GTG CAC TGG CCT AGG CAT GGA AAA ATA CAT AAC TG-3' 
and LTR-2: S'-GCG GAT CCT TCG AAC CAT GGT AAG CTT GGT ACC GCT AGC GTT AAC CGG GCG ACT CAG 
TCA ATC G-3\ Pwo DNA polymerase (Boehringer Mannheim) was used according to manufacturers protocol with the 
following temperature cycles: once 5' at 95°C; 3' at 55°C: and V at 72°C, and 30 cycles of V at 95°C, V at 60°C, 1* at 

w 72°C, followed by once 10' at 72°C. The PCR product was then digested with BamHI and ligated into pMLP10 (Levrero 
et at., 1991 ; Gene 101, 195-202) digested with Pvull and BamHI, thereby generating vector pLTR10. This vector con- 
tains adenoviral sequences from bp 1 up to bp 454 followed by a promoter consisting of a part of the Mo-MuLV LTR hav- 
ing its wild-type enhancer sequences replaced by the enhancer from a mutant polyoma virus (PyFl01). The promoter 
fragment was designated L420. Sequencing confirmed correct amplification of the LTR fragment however the most 5' 

15 bases in the PCR fragment were missing so that the Pvull site was not restored. Next, the coding region of the murine 
HSA gene was inserted. pLTR10 was digested with BstBI followed by Klenow treatment and digestion with Ncol. The 
HSAgene was obtained by PCR amplification on pUCl8-HSA (Kay et al. t 1990; J. Immunol. 145, 1952-1959) using the 
following primers: HSA1, 5'-GCG CCA CCA TGG GCA GAG CGA TGG TGG C-3' and HSA2, 5'-GTT AGA TCT AAG 
CTT GTC GAC ATC GAT CTA CTA ACA GTA GAG ATG TAG AA-3\ The 269 bp amplified fragment was subcloned in 

20 a shuttle vector using the Ncol and Bglll sites. Sequencing confirmed incorporation of the correct coding sequence of 
the HSA gene, but with an extra TAG insertion directly following the TAG stop codon. The coding region of the HSA 
gene, including the TAG duplication was then excised as a Ncol(sticky)-Sall(blunt) fragment and cloned into the 3.5 kb 
Ncol(sticky)/BstBI(blunt) fragment from pLTR10, resulting in pLTR-HSA10. 

Finally, pLTR-HSA10 was digested with EcoRI and BamHI after which the fragment containing the left ITR, packaging 
25 signal, L420 promoter and HSA gene was inserted into vector pMLPl.TK digested with the same enzymes and thereby 
replacing the promoter and gene sequences. This resulted in the new adapter plasmid pAd5/L420-HSA that contains 
convenient recognition sites for various restriction enzymes around the promoter and gene sequences. SnaBI and Avrll 
can be combined with Hpal, Nhel, Kpnl, Hindlll to exchange promoter sequences, while the latter sites can be com- 
bined with the Clal or BamHI sites 3* from HSA coding region to replace genes in this construct. 
30 [0039] Another adapter plasmid that was designed to allow easy exchange of nucleic acid molecules was made by 
replacing the promoter, gene and polyA sequences in pAd5/L420-HSA with the CMV promoter, a multiple cloning site, 
an intron and a polyA signal. For this purpose, pAd5/L420-HSA was digested with Avrll and Bglll followed by treatment 
with Klenow to obtain blunt ends. The 5.1 kb fragment with pBr322 vector and adenoviral sequences was isolated and 
ligated to a blunt 1570 bp fragment from pcDNAI/amp (Invitrogen) obtained by digestion with Hhal and Avrl! followed 
35 by treatment with T4 DNA polymerase. This adapter plasmid was named pAd5/Clip. To enable removal of vector 
sequences from the adenoviral fragment pAd5/Clip was partially digested with EcoRI and the linear fragment was iso- 
lated. An oligo of the sequence 5* TTAAGTCGAC-3' was annealed to itself resulting in a linker with a Sail site and EcoRI 
overhang. The linker was ligated to the partially digested pAd5/Clip vector and clones were selected that had the linker 
inserted in the EcoRI site 23 bp upstream of the left adenovirus ITR in pAd5/Clip resulting in pAd5/Clipsal. 

40 

Generation of pAdSCIipLacZ, pAdSCIip.Luc. pAdSClip.TK and pAdSCIipsal Luc 

[0040] The adapter plasmid pAd5/Clip.LacZ was generated as follows: The E.coli LacZ gene was amplified from the 
plasmid pMLP.nlsLacZ (EP 95-202 213) by PCR with the primers 5'GGGGTGGCCAGGGTACCTCTAGGCTTTTGCAA 

45 and 5'GGGGGGATCCATAAACAAGTTCAGAATCC. The PCR reaction was performed Ex Taq (Takara) according to the 
suppliers protocol at the following amplification program: 5 minutes 94°C, 1 cycle; 45 seconds 94°C and 30 seconds 
60°C and 2 minutes 72°C, 5 cycles; 45 seconds 94°C and 30 seconds 65°C and 2 minutes 72°C, 25 cycles; 10 minutes 
72; 45 seconds 94°C and 30 seconds 60°C and 2 minutes 72°C. 5 cycles, I cycle. The PCR product was subsequently 
digested with Kpn1 and BamHI and the digested DNA fragment was ligated into Kpnl/BamHI digested pcDNA3 (Invit- 

so rogen), giving rise to pcDNA3.nlsLacZ. Next, the plasmid pAd5/Clip was digested with Spel. The large fragment con- 
taining part of the 5' part CMV promoter and the adenoviral sequences was isolated. The plasmid pcDNA3.nlsLacZ was 
digested with Spel and the fragment containing the 3'part of the CMV promoter and the lacZ gene was isolated. Sub- 
sequently, the fragments were ligated, giving rise to pAd/Clip.LacZ. The reconstitution of the CMV promoter was con- 
firmed by restriction digestion. 

55 [0041] The adapter plasmid pAd5/Clip.Luc was generated as follows: The plasmid pCMVLuc (EP 95-202 213) was 
digested with Hindlll and BamHI. The DNA fragment containing the luciferase gene was isolated. The adapter plasmid 
pAd5/Clip was digested with Hindlll and BamHI, and the large fragment was isolated. Next, the isolated DNA fragments 
were ligated, giving rise to pAd5/Clip.Luc. The adapter pClipsal.Luc was generated in the same way but using the 
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adapter pClipsal digested with Hill and BamHI as vector fragment. Likewise, the TK containing HIII-BamHI fragment 
from pCMV.TK (EP 95-202 213) was inserted in pClipsal to generate pAd5/Clip.TK. The presence of the Sail site just 
upstream of the left ITR enables liberation of vector sequences from the adeno insert. Removal of these vector 
sequences enhances frequency of vector generation during homologous recombination in PER.C6. 

5 

Generation of recombinant adenovirus chimaeric for fiber protein 

[0042] To generate recombinant Ad 5 virus carrying the fiber of serotype 1 2, 1 6, 28, 40-L 51 . and 5, three constructs, 
pCLIP.Luc, pWE/AdAflll-Eco and pBr/AdBamrlTR.pac/TibXX (XX = 12, 16, 28, 40-L, 51, and 5) were transfected into 
w adenovirus producer cells. To generate recombinant Ad 5 virus carrying the fiber of 5/7/8/9/10/11/12/13/14/16/1 7/ 
1 9/ 21/ 24/ 27/ 28/ 29/ 30/ 32/ 33/ 34/ 35/ 36/ 37/ 38/ 40-S/ 40-U 41 -S/ 42/45/ 47/ 49/ 51 , two constructs pCLIP.Luc and 
pWE/Ad.Aflll-rlTR/FibXX were transfected into adenovirus producer cells. 

For transfection, 2 pg of pCLIP.Luc, and 4 pg of both pWE/AdAflll-Eco and pBr/AdBamrlTR.pac/fibXX (or in case of cos- 
mids: 4 pg of pCLIP.Luc plus 4 pg of pWE/Ad.Aflll-rlTR/FibXX) were diluted in serum free DMEM to 100 pi total volume. 

15 To this DNA suspension 100 pi 1x diluted lipofectamine (Gibco) was added. After 30 minutes at room temperature the 
DNA-lipofectamine complex solution was added to 2.5 ml of serum-free DMEM which was subsequently added to a T25 
cm 2 tissue culture flask This flask contained 2x1 0 6 PER.C6 cells that were seeded 24-hours prior to transfection. Two 
hours later, the DNA-lipofectamine complex containing medium was diluted once by the addition of 2.4 ml DMEM sup- 
plemented with 20% fetal calf serum. Again 24 hours later the medium was replaced by fresh DMEM supplemented 

20 with 10% fetal calf serum. Cells were cultured for 6-8 days, subsequently harvested, and freeze/thawed 3 times. Cellu- 
lar debris was removed by centrifugation for 5 minutes at 3000 rpm room temperature. Of the supernatant (12.5 ml) 3- 
5 ml was used to infect again infect PER.C6 cells (T80 cm 2 tissue culture flasks). This re-infection results in full 
cytopathogenic effect (CPE) after 5-6 days after which the adenovirus is harvested as described above. With the gen- 
erated virus batch two assays were routinely performed. 1) 20 pi virus supernatant, diluted 10-fold by the addition ol 

25 1 980 pJ DMEM was used to infect A549 cells that were seeded 24-hours prior to infection at a concentration of 1 0 5 cells 
per well of 6-well plates. Forthy-eight hours later protein lysates were prepared that were subsequently used to meas- 
ure marker gene expression (luciferase activity). 2) 20 pi virus supernatant is used to determine the virus titer on human 
91 1 cells. For this purpose, 91 1 cells are seeded at a concentration of 4x1 0 4 cells per well in 96-well plates. Three to 
four hours after seeding, the medium was replaced by adenovirus supernatant (dilution range: 2 pi - 5 x 10' 9 pi). The 

30 virus titers of the chimaeric fiber adenovirus serotype 5 always exceeded 1 x 10 8 infectious units per ml. 

Example 3: Production, purification, and titration of chimaeric adenoviruses 

[0043] Of the supernatant obtained from transfected PER.C6 cells typically 10 ml was used to inoculate a 1 liter fer- 

35 mentor which contained 1 - 1 .5 x 1 0 6 cells/ ml PER.C6 that were specifically adapted to grow in suspension. Three days 
after inoculation, the cells were harvested and pelleted by centrifugating for 10 min at 1750 rpm at room temperature. 
The chimaeric adenoviruses present in the pelleted cells were subsequently extracted and purified using the following 
downstream processing protocol. The pellet was dissolved in 50 ml 10 mM NaP0 4 " and frozen at -20°C. After thawing 
at 37° C, 5,6 ml deoxycholate (5% w/v) was added after which the solution was homogenated. The solution was subse- 

40 quently incubated for 15 minutes at 37°C to crack the cells. After homogenizing the solution, 1875 j.il (1M) MgCI 2 ' was 
added and 5 ml 1 00% glycerol. After the addition of 375 pi DNase (1 0 mg/ ml) the solution was incubated for 30 minutes 
at 37°C. Cell debris was removed by centrifugation at 1 880xg for 30 minutes at room temperature without the brake on. 
The supernatant was subsequently purified from proteins by loading on 1 0 ml of freon. Upon centrifugation for 1 5 min- 
utes at 2000 rpm without brake at room temperature three bands were visible of which the upper band represents the 

45 adenovirus. This band was isolated by pipetting after which it was loaded on a Tris/HCI (1M) buffered caesium chloride 
blockgradient (range: 1 .2 to 1.4 gr./ml). Upon centrifugation at 21000 rpm for 2.5 hours at 10°C the virus was purified 
from remaining protein and cell debris since the virus, in contrast to the other components, did not migrate into the 1 .4 
gr./ ml cesium chloride solution. The virus band was isolated after which a second purification using a Tris/ HCI (1M) 
buffered continues gradient of 1 .33 gr./ml of cesium chloride is performed. After virus loading on top of this gradient the 

so virus was centrifuged for 1 7 hours at 55000 rpm at 1 0°C. Subsequently the virus band was isolated and after the addi- 
tion of 30 pi of sucrose (50 w/v) excess cesium chloride is removed by three rounds of dialysis, each round comprising 
of 1 hour. For dialysis the virus is transferred to dialysis slides (Slide-a-lizer, cut off 10000 kDa, Pierce, USA). The buff- 
ers used for dialysis are PBS which are supplemented with an increasing concentration of sucrose (round 1 to 3: 30 ml, 
60 ml, and 1 50 ml sucrose (50% w/v)/1 .5 liter PBS, all supplemented with 7.5 ml 2% (w/v) CaMgCy. After dialysis, the 

55 virus is removed from the slide-a-Iizer after which it is aliquoted in portions of 25 and 100 pi upon which the virus is 
stored at -85°C. 

[0044] To determine the number of virusparticles per milliliter, 50 pi of the virus batch is run on an high performance 
liquid chromatograph columns (HPLC). The adenovirus is bound to the column (anion exchange) after which it is eluted 
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using a NaCI gradient (range 300-600 mM). By determining the area under the viruspeak the number of virus particles 
can be calculated. To determine the number of infectious units (IU) per ml present in a virus batch, titrations are per- 
formed on 91 1 cells. For this purpose, 4x1 0 4 91 1 cells are seeded per well of 96-well plates in rows B, D, and F in a 
total volume of 100 jil per well. Three hours after seeding the cells are attached to the plastic support after which the 

5 medium can be removed. To the cells a volume of 200 is added, in duplicate, containing different dilutions of virus 
(range: 1 0 2 times diluted to 2x1 0 9 ). By screening for CPE the highest virus dilution which still renders CPE after 1 4 days 
is considered to contain at least one infectious unit. Using this observation, together with the calculated amount of virus 
volume present in these wells renders the number of infectious units per ml of a given virus batch. The production 
results i.e. virus particles per ml and IU per ml or those chimaeric adenoviruses that were produced so far, are shown 

10 in table 4. 

Example 4: Re-directed Infection of chimaeric adenoviruses 

[0045] To demonstrate re-directed infection in vitro of the adenoviruses chimaeric for fiber protein, a panel of human 

15 cell lines of different origins was used. This panel includes amongst others human hepatic cells, primary fibroblasts, 
hemopoietic derived cell lines, primary smooth muscle cells, primary synoviocytes, and primary cells derived from the 
amniotic fluid such as amniocytes and chorionvilli. These cell types were infected with a panel of chimaeric adenovi- 
ruses which differ in the fiber protein. For this purpose target cells are seeded at a concentration of 1 0 5 cells per well of 
6-we!! plates in 2 ml Dulbecco's modified Eagle's medium (DMEM, Life Technologies. The Netherlands) supplemented 

20 with 10% Fetal calf serum. Twenty-four hours later the medium is replaced by fresh medium containing the different chi- 
maeric adenoviruses at an increasing MOI of 0, 10, 50, 250, 1250, 2500, 5000 (MOI based on virus particles per cell). 
Approximately 2 hours after the addition of virus the medium containing the virus is discarded, cells are washed once 
with PBS, and subsequently 2 ml of fresh medium (not containing virus) is added to each well. Forthy-eight hours later 
cells are harvested, washed and pelleted by centrifugating 5 minutes at 1500 rpm. Cells are subsequently lysed in 0,1 

25 ml lysis buffer (1% Triton-X-100, 15% Glycerol, 2 mM EDTA, 2 mM DTT, and 25 mM MgCI 2 in Tris-phosphate buffer pH 
7.8) after which the total protein concentration of the lysate is measured (Biorad, protein standard II). To determine 
marker gene expression (lucif erase activity) 20 ftl of the protein sample is mixed with 100 \i\ of a lucif erase substrate 
(Luciferine, Promega, The Netherlands) and subsequently measured on a Lumat LB 9507 apparatus (EG & G Berthold, 
The Netherlands). The results of these infection experiments, given as the amount of lucif erase activity (RLU) per j.ig 

30 protein, are shown in Table 5. These results clearly demonstrate that alteration of the fiber protein results in alteration 
of the adenovirus serotype 5 host range. 

Example 5: Receptor usage of Fiber chimaeric adenoviruses 

35 [0046] To determine what cellular molecules are used by the fiber chimaeric adenoviruses the expression of proteins 
known to be involved in adenovirus serotype 5 infection i.e. Coxsackie adenovirus receptor (CAR), MHC class I, and 
integrins (avf}3, avf}5) was measured. For this purpose, 1x10 5 target cells were transferred to tubes (4 tubes per cell 
type) designed for flow cytometry. Cells were washed once with PBS/ 0.5% BSA after which the cells were pelleted by 
centrifugation for 5 minutes at 1 750 rpm at room temperature. Subsequently, 10 ^il of a 100 times diluted 0^,03 antibody 

40 (Mab 1961 , Brunswick chemie, Amsterdam, The Netherlands), a 100 times diluted antibody c^pS (antibody (Mab 1976, 
Brunswick chemie, Amsterdam, The Netherlands), or 2000 times diluted CAR antibody (a kind gift of Dr. Bergelson, 
Harvard Medical School, Boston, USA (Hsu et al)) was added to the cell pellet after which the cells were incubated for 
30 minutes at 4°C in a dark environment. After this incubation, cells were washed twice with PBS/0.5% BSA and again 
pelleted by centrifugation for 5 minutes at 1750 rpm room temperature. To label the cells, 10 ^l of rat anti mouse IgGl 

45 labeled with phycoerythrine (PE) was added to the cell pellet upon which the cells were again incubated for 30 minutes 
at 4°C in a dark environment. Finally the cells were washed twice with PBS/0.5% BSA and analyzed on a flow cytom- 
eter. The results of these experiments are shown in table 6. Also, in table 6 the infection efficiency of an adenovirus from 
subgroup A, B, C, D, and F is incorporated. These data clearly show that infection of a subgroup C adenovirus corre- 
lates with expression of CAR. The data also demonstrate that the chimaeric adenoviruses carrying a fiber of an aden- 

so ovirus of subgroup B, D, or F can infect cells that do not express measurable levels of the CAR protein thus being able 
to infect cells via different (CAR- independent) pathways. 

Example 6: Radiolabeling of adenovirus particles 

55 [0047] To enable tracking of infection of the wild type adenovirus serotypes, these viruses were labeled with radioac- 
tive l 123 /| 125 or with fluorescent probes prior to infection. Using fluorescent microscopy or by measuring radioactivity, 
the efficiency of infection of different serotypes into particular ceil types is determined. To demonstrate re-directed infec- 
tion in vivo of adenovirus chimaeric for fiber protein, 1 x1 0 9 infectious particles were injected via the tail vein into CBA/ca 
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mice (2 mice for each chimaeric adenovirus). Detection of adenovirus infection into specific tissues is monitored on two 
different levels: t)Binding of chimaeric adenovirus is monitored by radioactive labeling the adenovirus (Eisenlohr et al. t 
1987; Matlin et al., 1981 ; Richman et at, 1998). One hour after in vivo systemic delivery via the tail vein mice are sacri- 
ficed after which preferred is investigated by measuring radioactivity in various organs c.q. tissues. 2) Successful infec- 
tion is monitored by adenovirus gene expression of the marker gene i.e. lacZ or lucif erase activity. Four days after 
administration mice are sacrificed after which organs and tissues are isolated. Samples included liver, spleen, gastroin- 
testinal tract, peripheral blood, bone marrow, aorta, muscle etc. Using this strategy, preferred binding of chimaeric ade- 
novirus towards tissues of interest can be investigated. Moreover, using this strategy, preferred infection of chimaeric 
adenovirus into specific cells of particular organs can be determined. 

80 uCi I 123 (Cygne BV, The Netherlands) or I 125 (Amersham) was activated by incubation for six minutes at RT in an 
lodogen pre-coated tube (Pierce) in 100 uJ iodination buffer (25 mM Tris, pH8, 0.4 M NaCI). The radiolabeling reaction 
was started by transferring the activated Iodide to an Eppendorf tube containing 1.5.10 10 adenovirus particles in 100 nl 
iodination buffer. The reaction was allowed to proceed for nine minutes at RT, after which incorporated label was sepa- 
rated from free label by gelfiltration. using a Sephadex 25 column (P-10, Pharmacia). To this end. a P-10 column was 
pre-washed with 10 ml PBS buffer and subsequently loaded with the radiolabeling reaction, supplemented with two ml 
of iodination buffer. After discarding the first flow-through, the column was eluted with PBS buffer in 0.5 ml steps, and 
the different fractions were collected in separate tubes. Free label, which is slowed down by the column, was concen- 
trated in fractions 10-16. Radiolabeled virus particles accumulated predominantly in fractions 4, 5 and 6, corresponding 
to a total eluted volume of 2-3 ml. The radioactivity of these virus-containing fractions was measured and expressed as 
counts per minute (cpm), resulting in up to 5.10 5 cpm per 10 10 virus particles. 

Several control experiments were conducted to ensure the integrity of the virus particles after the various manipula- 
tions. For instance, one reaction was included in which the virus particles underwent identical treatment but with the 
omission of radioactive Iodide. Eluted virus particles were subsequently used to infect A549 cells. The amount of 
infected cells was established by the expression of a visual marker gene such as LacZ. In addition, small altquots of 
those eluted fractions that represented radiolabeled adenovirus were used to infect A549 cells to test the expression of 
the transgene, which was taken as an indication for virus viability of the specific virus batch used. 
[0048] The radiolabeled virus particles can subsequently be used for various in vitro and in vivo studies to determine 
the affinity for different cell types or for different organs. For in vitro studies, different cell lines such as for instance 
HUVEC (human umbilical vein endothelial cells) or SMC (smooth muscle cells) are seeded in 24-well plates in the 
appropriate culture medium, and infected with radiolabeled adenovirus particles at a multiplicity of infection of 10, 100 
and 1000. As a control, cells are incubated with a similar amount of free Iodide. Two hours after infection, cells are 
extensively washed with PBS buffer, and the remaining radioactivity measured. The amount of radioactivity that 
remains associated with the cells, corrected for the amount of radioactivity of the control cells incubated with free label, 
is a direct measure for the amount of virus that is attached to or has penetrated the cells. 

[0049] For in vivo studies, the biodistribution of adenoviruses that differ only in the origin of their fiber proteins was 
compared. To this end, rats were placed under general anesthetic and 0.1-2 MBq of radiolabeled adenovirus particles 
was intravenously (iv) administered into the tail vein. As a control, one rat received a comparable dose of free Iodide 
only. The animals were subsequently placed onto a gamma scanner and scanned for 10 minutes, to localize the source 
of the gamma radiation and thus to determine the in vivo biodistribution of systemically introduced adenovirus. After one 
hour, animals were sacrificed and the major organs removed for weighing and for accurate quantification of radioactivity 
using a scintillation counter. The distribution of radioactivity in various organs after iv is expressed as cpm per gram tis- 
sue, and is shown in figure 8. 

Example 7: Infection of human primary cells from amniotic fluid. 

[0050] In Table 5 (example 4) infection results are shown on both amniotic cells and chorionvilli. These cell types are 
isolated from the amniotic fluid and cultured ex vivo under standard conditions (Roest et al, 1996), Such cells are ideal 
targets to use for prenatal diagnosis. For instance, in some cases (approximately 50-100 yearly) prenatal diagnosis of 
muscular dystrophin is impossible using standard techniques such as reverse- transcribed PCR or DNA PCR because 
the mutations in the dystrophin gene are unknown and the level of dystrophin produced in non -differentiated chorionvilli 
or amnionvilli cells is very low. In these cases isolation and fast differentiation of predominantly chorionvilli cells is per- 
formed. These chorionvilli are subsequently infected with a retrovirus (Roest et al, 1996) or an adenovirus carrying the 
MyoD cDNA (Roest et al, 1999) which, upon transduction, triggers the chorionvilli to differentiate into striated muscle 
cells within one week. After complete differentiation these cells can then be used for Western analysis, or immunohts- 
tochemistry to determine whether the dystrophin protein is expressed. To date, the infection efficiency of chorionvilli 
cells has been disappointing with only 2-5% of cells transduced with a retrovirus (Roest et al, 1996). Using a serotype 
5 adenovirus to deliver the MyoD cDNA to chorionvilli approximately 10%-20% (Roest et al, 1999) of the cells can b 
transduced but only when using high multiplicity of infection (MOI) which results in undesired toxicity and thus cell 
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death. The results in Table 5 clearly demonstrate that the adenovirus serotype 5 is not an ideal candidate for transduc- 
ing chorionvilli cells since only marginal lucHerase activity is measured (75 RLU/ \lq protein) at the highest MOI tested 
{MOI = 5000 virusparticles per cell). These results are confirmed using flow cytometry for the presence of the Cox- 
sackie adenovirus receptor (CAR) and integrins which demonstrates that the receptors for adenovirus serotype 5 are 

5 only marginally present on chorionvilli (Table 6). Surprisingly, the adenovirus serotype 5 based vector containing a fiber 
of either subgroup B (fiber 16 and/or 51) or subgroup F (fiber 40-L) both transduce the chorionvilli with high efficiency 
The vector which does best, based on luciferase activity is the adenovirus 5 with fiber 40-L which results in 1 ,688.028 
relative light units per ug of protein, >20,000 fold increased transgene expression as compared to adenovirus serotype 
5. This vector can thus be used to transduce cells present in the amniotic fluid to allow fast differentiation for purposes 

10 described above, for inhibiting gene expression during prenatal development, or to transfer and express nucleic acid of 
interest to the amniotic fluid. 

Example 8: Generation of adenovirus serotype 5 based viruses with chimaeric hexon protein. 

is [0051 ] The method described infra to generate recombinant adenoviruses by co-transfection of two. or more separate 
cloned adenovirus sequences. These cloned adenoviral sequences were subsequently used to remove specific aden- 
ovirus serotype 5 sequences in order to generate template clones which allow for the easy introduction of DNA 
sequences derived from other adenovirus serotypes. As an example of these template clones, the construction of plas- 
mids enabling swapping of DNA encoding for hexon protein is given. 

20 

Generation of adenovirus template clones lacking DNA encoding for hexon 

[0052] Hexon coding sequences of adenovirus serotype 5 are located between nucleotides 18841 and 21697. To 
facilitate easy exchange of hexon coding sequences from alternative adenovirus serotypes into the adenovirus sero- 

25 type 5 backbone, first a shuttle vector was generated. This subclone, coded pBr/Ad.Eco-Pmel, was generated by first 
digesting plasmid pBr322 with EcoRI and EcoRV and inserting the 14 kb Pmel-EcoRI fragment from pWE/Ad.Aflll-Eco. 
In this shuttle vector a deletion was made of a 1430 bp SanDI fragment by digestion with SanDI and religation to give 
pBr/Ad.Eco-Pmel ASanDI. The removed fragment contains unique Spel and Muni sites. From pBr/Ad.Eco- 
PmelASanDI the adenovirus serotype 5 DNA encoding hexon was deleted. Hereto, the hexon flanking sequences were 

30 PCR amplified and linked together thereby generating unique restriction sites replacing the hexon coding region. For 
these PCR reactions four different oligonucleotides were required: Ahexl -Ahex4. Ahexl : 5'- CCT GGT GCT GCC AAC 
AGC-3' Ahex2: 5'- CCG GAT CC A CTA GT G GAA AGC GGG CGC GCG-3* Ahex3: 5'- CCG GAT C CA ATT G AG AAG 
CAA GCA ACA TCA AC A AC-3' Ahex4: 5'- GAG AAG GGC ATG GAG GCT G-3'(See figure 9). 
The amplified DNA product of ± 1 100 bp obtained with oligonucleotides Ahexl and Ahex2 was digested with BamHI and 

35 FseL The amplified DNA product of ± 1600 bp obtained with oligonucleotides Ahex3 and Ahex4 was digested with 
BamHI and Sbfl. These digested PCR fragments were subsequently purified from agarose gel and in a tri-part ligation 
reaction using T4 ligase enzyme linked to pBr/Ad.Eco-Pmel ASanDI digested with Fsel and Sbfl. The resulting con- 
struct was coded pBr/Ad.Eco-PmeAHexon. This construct was sequenced in part to confirm the correct nucleotide 
sequence and the presence of unique restriction sites Muni and Spel. 

40 

Amplification of hexon sequences from adenovirus serotypes 

[0053] To enable amplification of the DNAs encoding hexon protein derived from alternative serotypes degenerate 
oligonucleotides were synthesized. For this purpose, first known DNA sequences encoding for hexon protein of alter- 

45 native serotypes were aligned to identify conserved regions in both the N-terminus as well as the C-terminus of the 
Hexon protein. From the alignment, which contained the nucleotide sequence of 9 different serotypes representing 5 of 
the 6 known subgroups, (degenerate) oligonucleotides were synthesized. These oligonucleotides were coded HEX-up 
(5'- GG ACGTGT AAG ATG GCY ACC CCH TCG ATG MTG- 3') and HEX-down (5'-CCA TCG ATG GTT ATG TKG TKG 
CGT TRC CGG C -3'). The amplification reaction (50 \x\) contained 2 mM dNTPs, 25 pmol of each oligonucleotide, 

so standard 1x PCR buffer, 1,5 mM MgCI 2 , and 1 Unit Pwo heat stable polymerase (Boehringer) per reaction. The cycler 
program contained 20 cycles, each consisting of 30 sec. 94°C, 60 sec. 60-64°C, and 1 20 sec. At 72°C. One-tenth of the 
PCR product was run on an agarose gel which demonstrated that a DNA fragment was amplified. Of each different tem- 
plate, two independent PCR reactions were performed after which the independent PCR fragments obtained were 
sequenced to determine the nucleotide sequence. From 9 different serotypes, the nucleotide sequence could be com- 

55 pared to sequences present in GenBank. Of all other serotypes, the nucleotide sequence encoding the Hexon protein 
is unknown. So far, of each serotype, except for serotypes 1,8, 13, and 18, the hexon sequence has been PCR ampli- 
fied. The protein sequence of the hexon of serotypes 34, 35, 36, and 41 is given in figure 10. 
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Generation of Hexon chimaeric adenoviral DNA constructs 

[0054J All amplified hexon DNAs as well as the vector (pBr/Ad.Eco-PmeAHexon) were digested with Muni and Spel. 
The digested DNAs was subsequently run on a agarose gel after which the fragments were isolated from the gel and 

5 purified using the Geneclean kit (Bio101 Inc). The PCR fragments were then cloned into the Muni and Spel sites of 
pBr/Ad.Eco-PmeAHexon, thus generating pBr/Ad.Eco-PmeAHexXX (where XX stands for the serotype number of 
which the fiber ONA was isolated). So far the hexon sequence of serotypes 2, 3, 4, 5, 7, 9, 10. 11, 14, 15, 16, 19, 20, 
22, 23, 25, 26, 27, 28, 29, 30, 31, 32, 33. 34, 35, 36, 37, 38, 40, 41. 42, 43, 46. 47, 48, 49, 50, 51 have been cloned into 
pBr/Ad.Eco-PmeAHexXX. From pBr/Ad.Eco-PmeAHexXX (where XX is 20, 25. 26, 28, 30. 34, 35) a 9.6 kb AscI frag- 

w ment encompassing the hexon sequence was isolated via gelelectrophoresis and an agarase protocol (Boehringer 
Mannheim, The Netherlands). This AscI fragment was subsequently cloned in cosmid pWE/Ad.Aflll-rlTRsp (see exam- 
ple 1) which was digested to completion with AscI and deposphorylated as described previously. This cosmid cloning 
resulted in the formation of construct pWE/Ad.Aflll-rlTR/HexXX (where XX stands for the serotype number of which the 
hexon DNA was isolated) 

15 

Generation'of recombinant adenovirus chimaeric for hexon protein 

[0055] To generate recombinant Ad 5 virus carrying the hexon of alternative serotypes two constructs, pCLIRLuc, 
pWE/Ad.Aflll-rlTR/HexXX were transfected into adenovirus producer cells. For transfection, 4 M g of pCLIRLuc, and 4 

20 pig of pWE/Ad.Aflll-rlTR/HexXX were diluted in serum free DMEM to 100 \i\ total volume. To this DNA suspension 100 
^l 2/3 x diluted lipofectamine (Gibco) was added. After 30 minutes at room temperature the DNA-lipofectamine complex 
solution was added to 2.5 ml of serum-free DMEM which was subsequently added to a T25 cm 2 tissue culture flask 
(cells washed with 5 ml serumfree medium prior to addition of DNA-lipofectamine complex). This flask contained 3 x 
10 6 PER.C6 cells that were seeded 24-hours prior to transfection. Two hours later, the DNA-lipofectamine complex con- 

25 taining medium was diluted once by the addition of 2.5 ml DMEM supplemented with 20% fetal calf serum. Again 24 
hours later the medium was replaced by fresh DMEM supplemented with 10% fetal calf serum. Cells were cultured for 
6-8 days, subsequently harvested, and freeze/thawed. Cellular debris was removed by centrifugation for 5 minutes at 
3000 rpm room temperature. Of the supernatant (1 2.5 ml) 3-5 ml was used to again infect PER.C6 cells (T80 cm 2 tissue 
culture flasks). 

30 

Re-directed neutralization towards hexon chimaeric adenovirus 

[0056] To demonstrate an altered immune response towards chimaeric adenoviruses, we first tested 75 sera derived 
from human patients (25 cancer patients, 50 rheumatoid arthritis patients) for toxicity on human 91 1 cells. For this pur- 

35 pose, 91 1 cells were seeded at a concentration of 3x1 0 4 cells per well in 96-well microtiter plates. Twenty-four hours 
later the medium of all wells, except for wells A1 -H1 , A5-H5, and A9-H9, was replaced by 50 uJ DMEM supplemented 
with 5% fetal calf serum. To wells A1, A2, B1, and B2, 50 ul patient serum 1 was added. Likewise, To wells C1. C2, D1. 
and D2, 50 pi of patient serum 2 was added etc. Subsequently, 50 |il of wells A2-H2 were transferred to A3-H3 after 
which 50 uJ of wells A3-H3 was transferred to A4-H4. Thus this test schedule resulted in a serum dilution of Ox, 2x, 4x, 

40 and 8x for each patient serum. Identical treatment of wells A5-H5 through A8-H8, and A9-H9 through A12-H12 results 
in 12 sera tested per 96-well microtiter plate. From 75 human patient sera tested in total, 25 sera with no apparent tox- 
icity on human 91 1 cells were subsequently tested for the presence of antibodies capable of neutralizing chimaeric ade- 
novirus infection. For this purpose, 96-well microtiter plates were filled with 50 ul DMEM supplemented with 5% fetal 
calf serum except for wells A1 -H1 . To wells A1 , A2, B1 . and B2, 50 ul patient serum 1 was added. Likewise, to wells C1 . 

45 02, D1 , and D2, 50 pi patient serum 2 was added etc. Subsequently, 50 ul of wells A2-H2 were transferred to wells A3- 
A4 after which 50 ul of A3-H3 was transferred to A4-H4 etc. until A12-H1 2 (dilution range: 0 - 1/2048). From wells A12- 
H12, 50 ul was discarded. Next, 50 ul of virus was added after which the microtiter plates were incubated for 1 hour at 
37°C. Upon the addition of 50 uJ 91 1 cell-suspension (3 x 10 4 cells/ well) plates were incubated for 7-9 days after which 
neutralizing capacity was scored by the absence, presence, or severity of CPE. As controls during these experiments 

so absence of serum, absence of virus, and absence of serum and virus were taken. Based on these experiments several 
chimaeric viruses are identified towards which little neutralizing antibodies are generated by humans. Similar experi- 
ments as described above are performed with wildtype adenovirus serotypes from both human as well as animals to 
screen for serotypes which are less prone to neutralization due to the host defense system. These experiments 
although similar are developed in such a way that it allows high throughput screening of many samples at once. This 

55 assay is described below. 
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A high throughput assay for the detection of neutralizing activity in human serum 

[0057] To enable screening of a large amount of human sera for the presence of neutralizing antibodies against all 
adenovirus serotypes, an automated 96-wells assay was developed. Human sera 
5 10058] A panel of 1 00 individuals was selected. Volunteers (50% male. 50% female) were healthy individuals between 
20 and 60 years old with no restriction for race. All volunteers signed an informed consent form. People professionally 
involved in adenovirus research were excluded. 

Approximately 60 ml blood was drawn in dry tubes. Within two hours after sampling, the blood was centrifuged at 2500 
rpm for 10 minutes. Approximately 30 ml serum was transferred to polypropylene tubes and stored frozen at -20°C until 
w further use. 

[0059] Serum was thawed and heat-inactivated at 56°C for 10 minutes and then aliquotted to prevent repeated cycles 
of freeze/thawing. Part was used to make five steps of twofold dilutions in medium (DM EM, Gibco BRL) in a quantity 
enough to fill out approximately 70 96-well plates. Aliquots of undiluted and* diluted* sera were pipetted in deep well 
plates (96-well format) and using a programmed platemate dispensed in 100 jil aliquots into 96-well plates. This way 
is the plates were loaded with eight different sera in duplo (100 ^I/well) according to the scheme below: 



S1/2 


S1/4 


S1/8 


S1/16 


S1/32 


S5/2 


S5/4 


S5/8 
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[0060] Where S1/2 to S8/2 in columns 1 and 6 represent 1x diluted sera and Sx/4, Sx/8, Sx/16 and Sx/32 the twofold 
serial dilutions. The last plates also contained four wells filled with 100 \i\ fetal calf serum as a negative control. Plates 
were kept at -20°C until further use. 

35 

Preparation of human adenovirus stocks 

[0061 ] Prototypes of all known human adenoviruses were inoculated on T25 flasks seeded with PER.C6 cells (Fallaux 
etal., 1998) and harvested upon full CPE. After freeze/thawing 1-2 ml of the crude lysates were used to inoculate a T80 

40 flask with PER.C6 cells and virus was harvested at full CPE. The time frame between inoculation and occurrence of 
CPE as well as the amount of virus needed to re-infect a new culture, differed between serotypes. Adenovirus stocks 
were prepared by freeze/thawing and used to inoculate 3-4 T175 cm 2 three- layer flasks with PER.C6 cells. Upon occur- 
rence of CPE, cells were harvested by tapping the flask, pelleted and virus was isolated and purified by a two step CsCt 
gradient as follows. Cell pellets were dissolved in 50 ml 1 0 mM NaP0 4 buffer (pH 7.2) and frozen at -20°C. After thawing 

45 at 37° C, 5.6 ml sodium deoxy chelate (5% w/v) was added. The solution was mixed gently and incubated for 5-15 min- 
utes at 37°C to completely lyse the cells. After homogenizing the solution, 1 875 1M MgCI 2 was added. After the addi- 
tion of 375 nl DNase (10 mg/ml) the solution was incubated for 30 minutes at 37°C. Cell debris was removed by 
centrifugation at 1880xg for 30 minutes at RT without brake. The supernatant was subsequently purified from proteins 
by extraction with freon (3x). The cleared supernatant was loaded on a 1M Tris/HCI buffered cesium chloride blockgra- 

so dient (range: 1.2/1.4 gr/ml) and centrifuged at 21000 rpm for 2.5 hours at 10°C. The virus band is isolated after which 
a second purification using a 1M Tris/HCI buffered continues gradient of 1.33 gr/ml of cesium chloride was performed. 
The virus was then centrifuged for 17 hours at 55000 rpm at 10°C. The virus band is isolated and sucrose (50 % w/v) 
is added to a final concentration of 1 %. Excess cesium chloride is removed by dialysis (three times 1 hr at RT) in dialysis 
slides (Slide-a-lizer, cut off 10000 kDa, Pierce, USA) against 1.5 Itr PBS supplemented with CaCI 2 (0.9 mM), MgCI 2 

55 (0.5mM) and an increasing concentration of sucrose (1,2, 5%). After dialysis, the virus is removed from the slide-a-lizer 
after which it is aliquoted in portions of 25 and 100 |J upon which the virus is stored at -85°C. To determine the number 
of virus particles per milliliter, 50 of the virus batch is run on a high-pressure liquid chromatograph (HPLC) as 
described by Shabram et al (1997). Viruses were eluted using an NaCI gradient ranging from 0 to 600 mM. As depicted 



18 



EP 0 978 566 A2 

in table I, the NaCl concentration by which the viruses were eluted differed significantly among serotypes. 

[0062] Most human adenoviruses replicated well on PER.C6 cells with a few exceptions. Adenovirus type 8 and 40 

were grown on 911-E4 cells (He era/., 1998). Purified stocks contained between 5x10 10 and 5x10 12 virus particles/ml 

(VP/ml) 

5 

Titration of purified human adenovirus stocks 

[0063] Adenoviruses were titrated on PER.C6 cells to determine the amount of virus necessary to obtain full CPE in 
five days, the length of the neutralization assay. Hereto, 100 jil medium was dispensed into each well of 96-well plates. 

10 25 ii\ of adenovirus stocks prediluted 10 4 , 10 5 , 10 s or 10 7 times were added to column 2 of a 96-well plate and mixed 
by pipetting up and down 10 times. Then 25 \t\ was brought from column 2 to column 3 and again mixed. This was 
repeated until column 1 1 after which 25 ^il from column 1 1 was discarded. This way serial dilutions in steps of 5 were 
obtained starting off from a prediluted stock. Then 3x1 0 4 PER.C6 cells were added in a 100 ^l volume and the plates 
were incubated at 37 9 C, 5% C0 2 for five or six days. CPE was monitored microscopically. The method of Reed and 

is Muensch was used to calculate the cell culture inhibiting dose 50% (CCID50). 

[0064] In parallel identical plates were set up that were analyzed using the MTT assay (Promega). In this assay living 
cells are quantified by colorimetric staining. Hereto. 20 \i\ MTT (7.5 mgr/ml in PBS) was added to the wells and incu- 
bated at37 9 C, 5% C0 2 for two hours. The supernatant was removed and 100 pi of a20:1 isopropanol/triton-X100 solu- 
tion was added to the wells. The plates were put on a 96-wells shaker for 3-5 minutes to solubilise precipitated staining. 

20 Absorbance was measured at 540 nm and at 690 nm (background). By this assay wells with proceeding CPE or full 
CPE can be distinguished. 

Neutralization assay 

25 [0065] 96-well plates with diluted human serum samples were thawed at 37 9 C, 5% C0 2 . Adenovirus stocks diluted 
to 200 CCID50 per 50 jil were prepared and 50 jil aliquots were added to columns 1-11 of the plates with serum. Plates 
were incubated for 1 hour at 37*0, 5% C0 2 . Then 50 ^ PER.C6 cells at 6x10 5 /ml were dispensed in all wells and incu- 
bated for 1 day at 37 °C, 5% C0 2 . Supernatant was removed using fresh pipet tips for each row and 200 \t\ fresh 
medium was added to all wells to avoid toxic effects of the serum. Plates were incubated for another 4 days at 37 g C, 

30 5% C0 2 . In addition, parallel control plates were set up in duplo with diluted positive control sera generated in rabbits 
and specific for each serotype to be tested in rows A and B and with negative control serum (FCS) in rows C and D. 
Also, in each of the rows E-H a titration was performed as described above with steps of five times dilutions starting with 
200 CCID50 of each virus to be tested. On day 5 one of the control plates was analyzed microscopically and with the 
MTT assay. The experimental titer was calculated from the control titration plate observed microscopically. If CPE was 

35 found to be complete, i.e. the first dilution in the control titration experiment analyzed by MTT shows clear cell death, all 
assay plates were processed. If not, the assay was allowed to proceed for one or more days until full CPE was apparent 
after which all plates were processed. In most cases the assay was terminated at day 5. A serum sample is regarded 
to be non-neutralizing when at the highest serum concentration a maximum protection is seen of 40% compared to the 
controls without serum. 

40 

Example 9: Generation of Ad 5 based viruses with chimaeric penton proteins 

[0066] The method described infra to generate recombinant adenoviruses by co-transfection of two. or more separate 
cloned adenovirus sequences. These cloned adenoviral sequences were subsequently used to remove specific aden- 
45 ovirus serotype 5 sequences in order to generate template clones which allow for the easy introduction of DNA 
sequences derived from other adenovirus serotypes. As an example of these template clones, the construction of plas- 
mids enabling swapping of DNA encoding for penton protein is given. 

Generation of adenovirus template clones lacking DNA encoding for penton 

50 

[0067] First a shuttle vector for penton sequences was made by insertion of the 7.2 kb Nhel-EcoRV fragment from 
construct pWE/Ad.Aflll-EcoRI (described in example 1) into pBr322 digested with the same enzymes. The resulting 
vector was named pBr/XN. From this plasmid Ad5 penton sequences were deleted and replaced by unique restriction 
sites that are then used to introduce new penton sequences from other serotypes. Hereto, the left flanking sequences 
55 of penton in pBr/XN were PCR amplified using the following primers: DP5-F: 5 - CTG TTG CTG CTG CTA ATA GC-3* 
and DP5-R: 5'- CGC GGA TCC TGT ACA ACT AAG GGG AAT ACA AG-3* DP5-R has an BamHI site (underlined) for 
ligation to the right flanking sequence and also introduces a unique BsrGI site (bold face) at the S'-end of the former 
Ad5 penton region. 
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The right flanking sequence was amplified using: DP3-F: 5'-CGC GGA TCC CTT AAG GCA AGC ATG TCC ATC CTT- 
3' and DP3-3R: 5*- AAA ACA CGT TTT ACG CGT CGA CCT TTC-3' DP3-F has an BamHI site (underlined) for ligation 
to the left flanking sequence and also introduces a unique Aflll site (bold face) at the 3'-end of the former Ad5 penton 
region. The two resulting PCR fragments were digested with BamHI and ligated together. Then this ligation mixture was 
digested with Avrll and Bglll. pBr/XN was also digested with Avrll and Bglll and the vector fragment was ligated to the 
digested ligated PCR fragments. The resulting clone was named pBr/Ad.A penton. Penton coding sequences from 
serotypes other than Ad5 were PCR amplified such that the 5* and 3* ends contained the BsrGI and Aflll sites respec- 
tively. Introduction of these heterologous penton sequences in pBr/Ad.Apenton generates constructs named 
pBr/Ad. penton XX where XX represents the number of the serotype corresponding to the serotype used to amplify the 
inserted penton sequences. Subsequently the new penton sequences were introduced in the pWE/Ad.Aflll-rlTR con- 
struct by exchanging the common Fsel fragment. Importantly, in stead of pWE/Ad.Aflll-rlTR it is also possible to insert 
the Fsel fragment from pBr/Ad.pentonXX into a pWE/Ad.Afllll-rlTR/HexXX or an pWE/Ad.Afllll-rlTR/FibXX vector hav- 
ing a modified hexon and/or fiber sequence respectively. In this way the plasmid-based system to generate adenovi- 
ruses enables flexible design of any adenovirus with any desired characteristic concerning efficiency and specificity of 
infection of the target cell as well as immunogenicity. 

Amplification of penton sequences from adenovirus serotypes 

[0068] To enable amplification of the DNAs encoding penton protein derived from alternative serotypes oligonucle- 
otides were synthesized. Of each adenovirus subgroup the penton sequence of only one member is known to date. 
Therefore, oligonucleotides were designed based on the known sequences Thus, for amplification of penton sequences 
from subgroup C oligonucleotides P5-for (5*-gctcgatgtacaatgcggcgcgcggcgatgtat-3') and P5-rev (S'-gctcgacttaagt- 
caaaaagtgcggctcgatag-3') were used .For the amplification of penton sequences from subgroup B oligonucleotides P3- 
for (S'gctcgatgtacaatgaggagacgagccg tgcta-3') and P3-rev (5'-gctcgacttaagttagaaagtgcggcttgaaag-3 , ) were used. For 
the amplification of penton sequences from subgroup D oligonucleotides P17-for (5'gctcgatgtacaatgaggcgt gcggtggt- 
gtcttc-3') and P17-rev (S'-gctcgacttaagttagaaggtgcg actggaaagc-3') were used. For the amplification of penton 
sequences from subgroup F oligonucleotides PF-for (5-grtcgatg^acaatgagacgtgcggtgggagtg-3') and PF-rev (S'-gctcga 
cttaagttaaaacgtgcggctagacag-3') were used. All above described forward oligonucleotides contain a BsrGI restriction 
site at their 5'-end and all reverse oligonucleotides contain an Aflll restriction site at the 5'-end. 
The amplification reaction (50 ^I) contained 2 mM dNTPs, 25 pmol of each oligonucleotide, standard 1x PCR buffer, 1 .5 
mM MgCI 2 . and 1 Unit Pwo heat stable polymerase (Boehringer) per reaction. The cycler program contained 20 cycles, 
each consisting of 30 sec. 94°C. 60 sec. 60-64°C, and 120 sec. At 72°C. One-tenth of the PCR product was run on an 
agarose gel which demonstrated that a DNA fragment was amplified. Of each different template, two independent PCR 
reactions were performed after which the independent PCR fragments obtained are sequenced to determine the nucle- 
otide sequence. Of the 51 human serotypes 20 penton sequences have been amplified. 

Generation of penton chimaeric adenoviral DNA constructs 

[0069] All amplified penton DNAs as well as the vector (pBr/Ad.A penton) were digested with BsrGI and Aflll. The 
digested DNAs was subsequently run on a agarose gel after which the fragments were isolated from the gel and puri- 
fied using the Geneclean kit (Bio101 Inc). The PCR fragments were then cloned into the BsrGI and Aflll sites of 
pBr/Ad.Apenton, thus generating pBr/Ad.pentonXX (where XX stands for the serotype number of which the penton 
DNA was isolated). So far the penton sequence of serotypes 2, 3, 5, 6 ( 7, 1 1 , 21 , 26, 35, 39, 40, 41 , 42, 47, 48, 49 and 
51 have been cloned into pBr/Ad.pentonXX . From pBr/Ad.pentonXX an 5.1 kb Fsel fragment encompassing the penton 
sequence was isolated via gelelectrophoresis and Geneclean. This Fsel fragment was subsequently cloned in cosmid 
pWE/Ad.Aflll-rlTR (see example 1) which was digested to completion with Fsel and deposphorylated as described pre- 
viously. This cosmid cloning resulted in the formation of construct pWE/Ad.Aflll-rlTR/PentonXX (where XX stands for 
the serotype number of which the penton DNA was isolated). 

Generation of recombinant adenovirus chimaeric for penton protein 

[0070] To generate recombinant Ad 5 virus carrying the Penton of alternative serotypes two constructs, pCLIP.Luc 
and pWE/Ad.Aflll-rlTR/PenXX were transfected into adenovirus producer cells. 

For transfection, 4 jig of pCLIRLuc and 4 ^g of pWE/Ad.Aflll-rlTR/PentonXX) were diluted in serum free DMEM to 100 
lil total volume. To this DNA suspension 100 nl 1x diluted lipofectamine (Gibco) was added. After 30 minutes at room 
temperature the DNA-tipofectamine complex solution was added to 2.5 ml of serum-free DMEM which was subse- 
quently added to a T25 cm 2 tissue culture flask This flask contained 2x1 0 6 PER.C6 cells that were seeded 24-hours 
prior to transfection. Two hours later, the DNA-lipofectamine complex containing medium was diluted once by the addi- 
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tion of 2.5 ml DM EM supplemented with 20% fetal calf serum. Again 24 hours later the medium was replaced by fresh 
DMEM supplemented with 10% fetal calf serum. Cells were cultured for 6-8 days, subsequently harvested, and 
freeze/thawed 3 times. Cellular debris was removed by centrifugation for 5 minutes at 3000 rpm room temperature. Of 
the supernatant (12.5 ml) 3-5 ml was used to infect again infect PER.C6 cells (T80 cm 2 tissue culture flasks). This re- 
infection results in full cytopathogenic effect (CPE) after 5-6 days after which the adenovirus is harvested as described 
above. 

[0071 ] The above described examples 1 -9 encompasses the construction of recombinant adenoviral vectors, chimae- 
ric for either liber protein or hexon protein which results in an altered infection host range or altered immune response 
towards adenoviral vectors. These chimaeric adenoviral vectors are generated for the purpose of gene transfer and 
recombinant DNA vaccines. It must be stressed that in a manner analogous as described under example 1-9 chimaeric 
adenoviral vectors are constructed for penton and can be constructed for all other adenovirus proteins including but not 
limited to DNA encoding for small proteins required for adenovirus assembly. and sequences required for adenovirus 
replication. Moreover, it must be emphasized that with this technology double, triple, quadruple, etc chimaeric adenovi- 
ral vectors can be constructed with the aim to combine parts of existing adenovirus serotypes to generate adenoviral 
vectors with preferred characteristics for any given target cell or target disease. 

Legends to figures and tables 

[0072] 

Table 1 : Summary of the classification of known human adenovirus serotypes based upon the principle of hemag- 
glutination. 

Table 2: Association of human adenovirus serotypes with human disease. 

Table 3: Oligonucleotides and degenerate oligonucleotides used for the amplification of DNA encoding for fiber pro- 
tein derived from alternative human adenovirus serotypes. Bold letters in oligonucleotides A-E represent an Ndel 
restriction site. Bold letters in oligonucleotides 1-6 and 8 represent an Nsil restriction site. Bold letters in oligonu- 
cleotide 7 represent a Pad restriction site. 

Table 4: Production results of fiber chimaeric adenoviruses. The number of virus particles per ml were determined 
using HPLC. The number of infectious units (IU) per milliliter were determined through titration on human 91 1 cells. 
For infection experiments, the number of virus particles per milliliter is taken from all chimaeric adenoviruses since 
lU/ml reflects a receptor mediated process. 

Table 5: Transduction results of human cell lines and primary cells. A549: Human lung carcinoma cell line (ATCC, 
CCL-1185). K562: Human erythroid leukemia (ATCC, CCL-243). SupTt: Human Lymphoblast hybrid B and T 
(ATCC, CRL-1991). GM09503: Human primary fibroblasts. HEPG2: Human liver carcinoma (ATCC, HB8065). 
CEM: human lymphoblast cells (ATCC, CRL-1992). HeLa: Human cervix carcinoma (ATCC. CCL-2). Primary amni- 
ocytes and chorionvilli cells were obtained from department of arrtropogenetics, Leiden, The Netherlands. Primary 
Smooth muscle cells and synoviocytes were obtained from TNO-PG, Leiden, The Netherlands. Shown are the luci- 
ferase activity (in relative light units (RLU) per u.g protein) measurements of cells infected at MOI 5000 virusparti- 
cles per cell. 

Table 6: Expression of integrins 0^,03 and 0^(35, the Coxsackie adenovirus receptor (CAR), and MHC class I on the 
membranes of target cells. In addition to the cells described in table 5: HUVEC: human umbilical vein endothelial 
cells were obtained from TNO-PG, Leiden, The Netherlands. Shown is the percentage of cells expressing either 
molecule on their membrane. The Ad5 based vector carrying a fiber of one representative of each subgroup and 
the efficiency of infection is shown on the right of the table. ND: not determined. 0% means undetectable expres- 
sion of the molecule on the membrane of the cell using flow cytometry. 100% means high expression of the mole- 
cule on the cell membrane. 

Figure 1 : Schematic presentation of adapter plasmid pMLPl.TK. 

Figure 2: Schematic presentation of adapter plasmid pAd/L420-HSA. 

Figure 3: Schematic presentation of adapter plasmid pAd5/CLIP 
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Figure 4: Schematic presentation of a two plasmid system for the generation of recombinant adenoviruses. 
Figure 5: Schematic presentation of a three plasmid system for the generation of recombinant adenoviruses. 

s Figure 6: Schematic presentation of generation of plasmid pBr/AdBamRDeltaFib in which part of the Adenovi- 

rus type 5 fiber DNA is replaced by a short DNA stretch containing a unique Nsil site. 

Figure 7: Fiber protein sequences of adenovirus serotypes 8, 9, 13. 14,20, 23, 24, 25, 27, 28, 29, 30. 32. 33, 
34, 35, 36, 37, 38, 39, 42, 43, 44, 45, 46, 47, 48. 49, and 51 . Bold letters represent part of the tail of adenovirus 
io serotype 5. If bold letters not present it means that a PCR fragment was sequenced which did not contain the 

Ad5 tail. An X, present in the sequence means unidentified amino acid due to unidentified nucleotide. At the 
end of the sequence the stop codon of the fiber is presented by a dot. 

Figure 8: Comparison of the in vivo biodistribution of I 123 labeled adenovirus serotype 5 and an adenovirus chi- 
75 maeric for fiber protein. Radiolabeled adenovirus (10 10 virus particles, 0.1-2 MBq) was intravenously adminis- 

tered into the tail vein. As a control, a similar amount of free label was injected into the control animal. Rats 
were sacrificed after one hour and organs calibrated. Radioactivity of the in the figure indicated organs was 
measured with a scintillation counter and is expressed as counts per minute per gram tissue. 

20 Figure 9: Schematic presentation of the generation of plasmid pBr/Ad.Eco-PmeAHexon. Also shown is the 

sequence of the oligonucleotides delta hex 1-4 used to delete the DNA encoding for the hexon of adenovirus 
serotype 5 protein. 

Figure 10:Hexon protein sequences of adenovirus serotypes 34, 35, 36, and 41. An X, present in the sequence 
25 means unidentified amino acid due to unidentified nucleotide. At the end of the sequence the stop codon of the 

hexon is presented by a dot. 
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Table 1 



Subgroup 


serotypes 


hemagglutination rhesus 


hemagglutination rat 


A 

M 


l<£, lo, ol 




+/- 


B 


3, 7, 11, 14, 16, 21, 34, 35. 51 


+ 




C 


1,2,5,6 




+/- 


D 


8-10, 13, 15, 17, 19, 20, 22-30 ,32, 33, 36-39, 42- 
47, 49, 50 


+/- 


+ 


E 


4 




+/- 


F 


40, 41 




+/- 



Syndrom 


Subgenus 


Serotype 


Respiratory illness 


A 


31 




B 


3, 7, 11, 14, 21, 34, 35, 51 




c 


1, 2, 5. 6 




D 


39, 42-48 




E 


4 


Keratoconjunctivitis (eye) 


B 


1 1 




D 


8. 19, 37. 50 


Hemorrhagic cystitis (Kidney) 


B 


7, 11, 14, 16, 21, 34, 35 


And urogenital tract infections 


C 


5 




D 


39, 42-48 


Sexual transmission 


G 


2 




D 


19, 37 


Gastroenteritis 


A 


31 




B 


3 




C 


1.2,5 




D 


28 




F 


40, 41 


CNS disease 


A 


12,31 




B 


3.7 




C 


2, 5,6 




D 


32,49 


Hepatitis 


A 


31 




C 


1.2,5 


Disseminated 


A 


31 




B 


3. 7, 11.21 
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Table 2 (continued) 



Syndrom 


Subgenus 


S rotype 




D 


30, 43-47 


None (???) 


A 


18 




D 


9. 10. 13. 15 17, 20. 22-29, 33. 36. 38 



Table 3 



Serotype 


Tail oligonucleotide 


Knob oligonucleotide 


4 


A 


1 


8 


B 


2 


9 


B 


2 


12 


E 


3 


16 


C 


4 


19p 


B 


2 


28 


B 


2 


32 


B 


2 


36 


B 


2 


37 


B 


2 


40-1 


D 


5 


40-2 


D 


6 


41 -s 


D 


5 


41-1 


D 


7 


49 


B 


2 


50 


B 


2 


51 


C 


8 



A: 5'-CCC GTG TAT CCA TAT GAT GCA GAC AAC GAC 
CGA CC-3* 

B: 5 -CCC GTC TAC CCA TAT GGC TAC GCG CGG-3' 
C: 5'CCK GTS TAC CCA TAT GAA GAT GAA AGC-3' 
D: 5*-CCC GTC TAC CCA TAT GAC ACC TYC TCA ACT C- 
3* 

E: 5'-CCC GTT TAC CCA TAT GAC CCA TTT GAC AC A 
TCA GAC-3' 

1 : 5--CCG ATG CAT TTA TTG TTG GGC TAT ATA GGA-3' 
2: 5'-CCG ATG CAT TYA TTC TTG GGC RAT ATA GGA-3" 
3: 5'-CCG ATG CAT TTA TTC TTG GGR AAT GTA WGA 

AAA GGA-3* 

4: 5'-CCG ATG CAT TCA GTC ATC TTC TCT GAT ATA-3' 
5: 5*-CCG ATG CAT TTA TTG TTC AGT TAT GTA GCA-3' 
6: 5'-GCC ATG CAT TTA TTG TTC TGT TAC ATA AGA-3' 
7: S'-CCG TTA ATT AAG CCC TTA TTG TTC TGT TAC ATA 

AGA-3' 

8: 5'-CCG ATG CAT TCA GTC ATC YTC TWT AAT ATA-3* 
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Table 4 



Adenovirus 


Virus particles/ ml 


Infectious units/ ml 


AdSFibS 


2.2 x 10 12 


6.8 x 10 11 


Ad5Fib12 


4.4 x10 12 


1.9 x 10 12 


Ad5Fib16 


1.4x 10 12 


3.0 x 10 10 


Ad5Fib17 


9.3 x 10 11 


9.5 x 10 9 


Ad5Fib28 


5.4 x 10 10 


2.8 x 10 8 


Ad5Fib32 


2.0 x 10 12 


1.1 x 10 12 


Ad5Fib40-S 


3.2 x 10 10 


1.0 x 10 10 


Ad5Fib40-L 


2.0 x 10 12 


6.4 x 10 11 


Ad5Fib49 


1.2x 10 12 


4.3x10 n 


Ad5Fib51 


5.1 x 10 12 


1.0 x 10 12 
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Claims 

1 . A chimaeric adenovirus comprising at least a part of a fiber protein of an adenovirus serotype providing the chimae- 
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ric virus with a desired host range and at least a part of a penton or hexon protein from another (ess antigenic ade- 
novirus serotype resulting in a less antigenic chimaeric adenovirus. 

2. A recombinant vector derived from an adenovirus comprising at least one ITR and a packaging signal having an 
insertion site for a nucleic acid sequence of interest, and further having an insertion site for functionallly inserting a 
gene encoding a penton and/or a hexon protein of a first serotype of adenovirus and having an insertion site for a 
gene encoding a fiber protein of a second adenovirus of a different serotype. 

3. A recombinant vector according to claim 2 which is a plasmid. 

4. A packaging cell for producing a chimaeric adenovirus according to claim 1 , comprising in trans all elements nec- 
essary for adenovirus production not present on the adenoviral vector according to claim 2. 

5. A kit of parts comprising a packaging cell according to claim 4 and a recombinant vector according to claim 2 or 3, 
whereby there is essentially no overlap leading to recombination resulting in the production of replication compe- 
tent adenovirus between said cell and said vector. 

6. A vector according to claim 2 or 3 where the insertion sites are different and preferably unique restriction sites. 

7. A method for producing a chimaeric adenovirus having a desired host range and diminished antigenicity, compris- 
ing providing a vector according to claim 2, inserting into said vector at least a functional part of a penton or hexon 
protein derived from an adenovirus serotype having relatively low antigenicity, inserting at least a functional part of 
a fiber protein derived from an adenovirus serotype having the desired host range and transfecting said vector in a 
packaging cell according to claim 4 and allowing for production of chimaeric viral particles. 

8. A method according to claim 7, wherein said reduced antigenicity is a diminished capability to raise neutralizing 
antibodies. 

9. A chimaeric adenovirus according to claim 1 , wherein the hexon, penton and/or fiber proteins are chimaeric pro- 
teins originating from different adenovirus serotypes. 

10. A nucleic acid library comprising nucleic acid derived from different adenovirus serotypes. 
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Figure 7: 



1.1: Serotype 8 fiber protein 

SCSCPSAPTIFMLLQIVlKRARPSEDTFNPVYPYGYARNQNIPh'LlPPh'VSSNGFQ 
NIVPG\O^LKLADPITINNQNrVSlJCVGGG^ 

ALDAProvn)hnO,TLLAGHGI^IITKETSTIJ > GLVrmVVLTGKGIGTO 

ICVRVGEGGGLSF^NGDLVAFNKKEDKJlTLWTTPDTSPNCRrDQDKDSKLTLV 

LTKCGSQILANVSlJ^VAGRYKIINNNn^ALKGFTIKlJJ^ 

YWNFRNQNS IMST A YEKAJGFMPNLV A YPKPTTGSKKY ARDIV YGNIYLGGKPH 

QPVTIKTTFNQETGCEYSITFDFSWAKTYVNVEFETTSFTFSYIAQE. 

1 .2: Serotype 9 fiber protein 

SCSCPSAPTIFMLLQMKRARPSEDTFNPVYPYGYARNQNIPFLTPPFVSSDGFQ 
^PGVl^LKIADPIAIVNG>rVSLKVGGGLTLQDGTGKLTWADPPLQLTNNKL 
GIAII>APFDVlDNKLTIXAGHGI^ITrKETSTL^ 

S VC VR VGEGG GLSFNNDGDLV AFNKKED KRTLWTTPDTS PNC KIDQD KDS KJLTL 

VLTKCGSQILANVSIJWAGKYKIINNNTQPALKGF^ 

SYWMTINENSIMSTAYEKAIGFMPNLVA 

DQPVTIKTTFNQETGCEYSrrFDFSWAKTYVNVHFFlTSFTFSYIAQE. 
1.3: Serotype 13 fiber protein 

XXXXXSAPTIFMFLQMKRARSSXD TFNPVYPYGYARNQNIXFXTPPFVXSDGF 

KNFPPGVl^LIO.ADPmANGDVSLKVGGGLTLQEGSLTVDPKAPLQLANDKKLE 

LVYDDPreVSTNKLSLKVGHGIJCVlJJDKSAGGLKDUGKLv^TGKGIGIENLQ 

^DGSSRGVGn^RLGTDGGLSFDRXGELVAWNRKI)DRRTLWTTPDPSPNCKA 

ETEKDSKLTLVLTKCGSQILATVSnVLKGKYEFVKKETEPKSFDVKLLroSKG^ 

LPTSNl^K£YW^^fRSYDNNlGT?YENA\TFMPNLKAYPK^ 

AKNKIVSNFYFGCKJAYQPGTIIIKFl^lDETCAYSITFNFGW 

FTXSYIAQE. 

1.4: Serotype 14 fiber protein 

HPFINPGHSPNGFTQSPDGVLTLKCLTPLTTTGGSLQLKVGGGLTVDDTDGTLQE 

MGATTPLVKTGHSIGL^LGAGLGTDENKLCrKLGEGLTF^SNNTCIDDNINTLWT 

GVTNTTOANCQMMDSSF^NDCKLILTLVKTGAL^ 

INFTAEIJTOSAGNIXTSI^SLKTPIiVHKSG<2T^^ 

EKNKTTFTELVTTQLVlTLI^LTISVMLNQRAIRADTSYCIRriW 

QTSATTLVTS 

1.5: Serotype 20 fiber protein 

IQNIPFLTPPr^SSDGLQMTPGVLSLKLADPIAIVNGNVSLKVGGGITVEQDSGQL 
IANPKAPLQVANDKLEIJiYAYPP^rSANK]^LKVG<^LKVLDEKDSGGLQNLLG 
KLVVLTGKGIGVEELKWD^^mRGVGI^^VRLGKT)GGLSF^^CNGELVAWNKF^ 
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Figure 7 cont. 

TGTLWTTPDPSPNCKIEEVKDSKLTLVLTKCGSQILATMAFQVVKGTYEiMISKNT 

AXNSFSIKIJLFDDNGKIXEGSSLDKDYW>^SDDSIIPNQYDNAVPFMPNLKAYP 

KPSTVLPSTDKJSISNGKJNITIVSNLYLEGKAYQ 

KTYDVPIPFDSSSFT 

1 .6: Serotype 23 fiber protein 

QNIPFLTPPFVSSDGFQNFPPGVLSLKLADPIAITNGDVSLKVCKjGLTVEQDSGNL 
KVNTKAPLQVAADKQLEIALADPFEVSKGRLG1KAGHGLKVIDNSISGLEGLVGT 
LVVLTGHGIGTE>flJJ^roGSSRGVGINVRLGK^^ 

RTLWTTPDPSPNCXVmAKDSKLTLVLTKCGSQILA^SLLn.KGTYEYlSNAIAN 
KSFTEKLLFNDKGVLMDGSSLDKDYWN YKSDDS VMS KAYEN AVPFMPNLKA YP 
NPTTSTTHPSTDKXSNGKNAWSNTVYLEGRAYQ 
GWSKVYNDPIPFDTSSLT 

1 .7: Serotype 24 fiber protein 

SCSCPSAPTIFTVILLQMKRARPSEDTFNPVYPYGYARNQNIPFLTPPFVSSDGFQ 

NFPPGV1_SLKJ.ADPIAITNGDVSLKVGGGLTVEKI)SGNLKVNPKAPLQVTTDKQL 

EIALAYPFEVSNGKLGIKAGHGLKVIDKIAGI^GIJVGTLVVLTGKGIGTENLENS 

DGSSRGVGIhrVTUJVKDGGLSFDKXGDLVAWNKHDDRRTLWTTPDPSPNCT^ 

ERDS K1TL VLTKCGS QILAiN VSIXV VKGKFS>mvfNNTNPTDKKrr VKLLFNEKG V 

LMDSSTLKKEYWNYRNDNSTVSQAYDNAVPFMPM 

SAAKRYlVShTVTICKjlJDKTVVmKFNAETECAYSITFEFTWAKTre 
TFSYIAQE. 

1.8: Serotype 25 fiber protein 

SCSCPSAPTIFMLLQMiaiARPSEDTFNPVYPYGYAJINQNIPFLTPPFVSSDGFQ 

NFPPGVl^LKLADPmSNGDVSLKVGGGLTVEQDSG^^^VNPKAPLQVGTDKKL 

ELAI.APPF1WKDNKLJ3LLVGDGLKVIDKSISXLPGLLNYLVVLTGKGTGNEELKN 

DDGSNKGVGLCVRIGEG<jGLTFDDKGYLVAWNKKin)mTLWTTU)PSPNCP^ 

VDKDSKXTLVLTKCGSQDLANVSLLVVKGRPQNLNYKTNPNLPKTFTIKIXFDEN 

Gn.KDSSNLDK>mVNYRNGNSILAEQYKNAVGFMPNLAAYPKSTTTQSKLYAR 

OTIFGNIYIJDSQAYNP\^KITF^^ 

1 .9: Serotype 27 fiber protein 

IPFLTPPFVSSDGFKNFPPGVl^LKLADPITITNGDVSLKVGGGLVVEKESGKLSV 

DPKTPLQVASD>na£LSYNAPFKVENDKLSLDVGHGLKVIGNEVSSLPGLINKLV 

VLTGKGIGTEELKEQNSDKnGVGINWARGGLSFDNDGYLVAWNPKYDTRTLW 

TTPDTSPNCKMLTKKDSKLTLTLTTCCGSQILGNVSLI.AVSGKYLNMTKDETGVKI 

IIJ-FDRNGVLMQESSLDKEYWNYRM)NNV^ 

DAKNYSRSKnSNVYLKGLrYQPVIIlASF^QETTNGCVYSISFDFTCSKDYTGQQF 
DVTSF 

1.10: Serotype 28 fiber protein 

SCSCPSAPTIFMLLQMKRARPSEDTFNPVYPYGYARNQNIPFLTPPFVSSDGFQ 
WPTOVl^SI.KI.ADPmANGDVSLKlGGGLTVEKESGNLTWPKAPLQVASGQLE 
LAYYSPFDVKNNMLTLKAGHGLAVVTKDrm)LQPLMGTLVVLTGKGIGTGTSA 
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Figure 7 cont. 

HGGTIDWIGKNGSLAFDKJ^GDLVAWDKE^RRTLWTTPDTSPNCKMSEVKDS 
KLT1JLTKCGSQILGSVSIXAVKGEYQ^M^ASTNK^^/KITLLFDA^ 
DKEYW^^^^WDSTVSGKYENAWFMP^^^^AYKPVNSKSYARSHIFG^A^YIDAXP 
YNPWIKISFNQETQNNCVYSISFDYTCSKEYTGMQFDVTSFTFSYIAQE. 

1.11: Serotype 29 fiber protein 

QNIPFLTPPFVSSIXjrTCNFPPGVI^LKlADPIAITNGDVSLKVGGGLTVEQDSGNL 
SVNPKAPLQVGTDKJO.ELALAPPFDVRDNKLAILVGDGLKVLDRSISDLPGLLNY 
LV\^TGKGIGNEELKNDDGSNKGVGLCVRIGEGGGLTTODKGYLVAWNNKHDI 
RTLWTTLDPSPNCKIDIEKDSKLTLVLTK^ 

LPKSFMKll-FDQNGVIiENSMEKQYLNFRSGDSILPEPYKNAIGFMPNLLAYAK 

ATTDQSKIYARNTIYGNIYLDNQPYWVVIKrrFWrEAJDSAYSn^^ 

N1PFDSTSFTS 

1.12: Serotype 30 fiber protein 

SCSCPSAPTIFMLLQMKRARPSXDTFNPVYPYGYARNQr^riPFXrPPFSrXSDGFK 

NFPPGVl^LKLADPIAITNGDVSLKVGGGLTVEQDSGNl^VNXKAPLQVGTDKK 

IJILALAPPFT)VTIDNKLAILVGDGLKVTO 

NDDGSNKGVGLCVRJGEGGGLTXDDKGYLVAWNNKHDIRTLWTTLDPSPNCKI 
DIElQ)SKLTLVIJTKCGSQILANVSLnVNGKFKI^ 

VLLENSNiEKQYLNFRSGDSILPEPYKNAJGFMPNLLAYAKATI'DQSKiYARNTIY 
GWYUDNQPYTHPVVIKrrFNNEADSAYSITF^YSWTKDYDNTPFDSTSFTFSYlAOE 



1.13: Serotype 32 fiber protein 

SCSCPSAPTIFMLLQMKRARPSEDTFNPVYPYGYARNQNIPFLTPPFVSSDGFQ 

^PGVl^LKLADPmANG^SLKVGGGLTLEQDSGia.IVNPKAPLQVAM)KLE 

I^YADPFETSANKI^LKVGHGLKVLDEKNAGGLKDUGTLVVLTGKGIGVEELK 

NAX»mmGVGim^LGKDGGLSroKKGDLVAWlsrKJ4DDR^ 

DEERDSKLTLVLTKCGSQILANVSLXVVKGKFSMNN^ 

GVLMDSSSLKXEYW>TYR^NSTVSQAYDNAVPFMPNI^ 

KKSAAKRYlVSmrnGGLPDKTVVITIKLNAETESAYSMTFEFWAKTre 

SSSFTFSY1AQE. 

1.14: Serotype 33 fiber protein 

SCSCPSAPTIFMLLQMKRARPSEDTFNPVYPYGYARNQNIPFLTPPFVSSDGFK 

NFPPGVI^LKLADPITITNGDVSLKVGGGLTLQEGSLTVNPKAPLQLA]WKJ<LEL 

VYDDPFEVSTNKLSIJCVGHGLK\TJDDKSAGGLQDUGKLVVLTGKGIGIENLQN 

DDGSSRGVGrNVRXGTDGGLSFDRXGELVAWNRKDDRRTLWTTPDPSPNCKAE 

TEKDSKLTLVLTKCGSQILATVSnVLKGKYEFVKKETEPKSFDVKLLFDSKGVLL 

H'SNI£K£Y\\^YRSYDNNIGTPYENAWFMP^ 

KNKIVSM^GGQAYQPGTIDXFNEEIDETCAYSITFNFGW 

TFSYIAQE. 

1.15: Serotype 34 Fiber protein 
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Figure 7 cont. 

SCSCreAPTIFMLLQMKRAIU^EDTFWVYPYEDESTSQHPFINPGHSPNGFTQ 
SPDGVLTLK(XTPLTTTGGSLQLKVGGGLTVDDTDGTLQK>lIRATTPrTKNNHSV 

ELTIGNGLETQHNKIXAKLGNGLKFTWGDICI^ 

TMJGKLTLVLVKNGGLVNGYVSLVGVSDTVNQNIFrQKTANIQLRLYFDSSGNL 
LTDESDLKIPLKMCSSTATSETVASSKAFMPSTTAYPFl^r^^ 
TSYDRSIJTLWSIMLNSRMISS^AYAIQFEWNLNASESPEKQHMTLTTSPFFFSY 
DEDDN. 

1.16: Serotype 35 fiber protein 

SCSCPSAPTWMLLQMKRARPSEDTFWVYPYEDES^ 

SPDGVLTLKCLTPLTTTGGSLQLKVGGGLTVDDTDGTLQENIRATAPITKNNHSV 
EIJ>IGNGLCTQN^^KIXAKLGNGLKF^^NGDICIK^ 

TNDGKiTLVLVKNGGLVNGYVSLVGVSDTVNQMFTQKTANIQLRLYFDSSGNL 
LTEESDLKIPLKNKSSTATSETVASSKAFMPSTTAYPFNTrrRDSENYIHGICYYM 
TSYDRSlJ^LMSIMLNSRMISSr^AYAIQFEWNlJ^ASESPESMNm-TTSPFFFSY^ 
TEDDN. 

1.17 Serotype 36 fiber protein 

SCSCPSAPTIFMLLQMKRiVRPSEDTFNPVYPYGYARNQNIPFLTPPFVSSDGFK 

NFPPGVl^UCLADPIAIVNGDVSLKVGGGLTVEQDSGKLKVNPKIPLQVWDQLE 

LATDKPFKIENNKLALDVGHGLK\nDKTISDLQGLVGKJ-VVLTGVGIGTETLICDK 

NDKVIGSAVNVRLGKDGGLDFNKKGDLVAWNRYDDRRTLWTTPDPSPNCKVS 

EAKDSKLrLVLTKCGSQILASVALLIVKGKYQ'riSESTIPKDQRNFSVKLMFDEKG 

KLLDKSSLJDKEYWNFRSMDSVVGTAYDNAWFMPMJC^ 

SAGKKNIVSNYYl^GRVYQPVALTVKFNSEMDCAYSITFDFVWSKTYESP^ 

SSSFTFSYIAQE. 

1.18 Serotype 37 fiber protein 

SCSCPSAPTTFMLLQMKRARPSEDTFNPVYPYGYARNQNIPrTJITPP/SSDGFK 

NFPPGVLSLKLADPmTNGDVSLKVGGGLTLQDGSLTVWKAPLQVl^rroKKLEL 

AYDNPF^SANKI^LKVGHGLKVIJ)EKSAAGLKDLIGKLVVLTGKGIGTENLEN 

TIXISSRGIGINVRAREGLTFD^GYLVAWNPKYDLRTLWTTPDTSPNCTIAQDK 

DS KLTL VLTKCGS QDL ANVSLIW AG KYHIINNKTNPKI KSFTIKLLFNKNG VLLD 

NS^GKAYWNrTlSGNSNVSTAYEKAJGFMPNTLVAVSKPSNSKKYARDIVYGNIY 

LGGKPDQPGVIKTTFNQETGCEYSITF^O ? SWSKTYE^ r VEF^TTSFTFSYIAQE. 

1.19 Serotype 3 8 fiber protein 

SCSCPSAPTIFMLLQMKRARPSEDTrNPVYPYGYARNQMPFXTPPFVXSDGFQ 

NFPPGVL^LKLADPmANGNVSLKVGGGLTIJEQDSGKLIVNXKAPLQVAND^ 

LSYADPFETSANKl^LKVGHGLKVLDEKNAGGLKDLIGTLVVLTGKGIGVEELK 

NADmmGVGINVRLGKDCK3I^FDKKGDXVAWNKHDDRRTLWTTPDPSPNCTI 

DF£RDSKLTLVLTKCGSQILAWSLEVVKGKFSNI^ 

GVLMDSSSLKKEYWNYRNDNSTVSQAYDNAVPFMPMKAYPKPTTD1SAKPED 

KXSAAKRYWSWYIGGLPDKTVVITUOJSAET^ 

SSSFTFSYIAQE. 
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Figure 7 cont. 
1.20 Serotype 39 fiber protein 

IRISPSSLPPLSPPMDSKTSPLGCYHSNWLTQSPSPMGMSHSRWEGGSPWQEGTG 

DLKVNAKSPLQVATNKQL£IALAKPFEEKDGKI^\LKIGHGLAVVDENHTHLQSL 

IGTLVILTGKGIGTGRAESGGTIDVRLGSGGGLSFDKDGNLVAWNKDDDRRTLW 

TTPDPSPNCKIDQDKXJSKLTFVLTKCGSQIIA^ 

DYKKFITKIJJTDEKGVIiKDSSIJ)KEYWNYRSNNr^ 

YPKPPTPPTNPTlTLEKSQ/VKJ^KYVSNVYLGGQAGNPVATl^SFNKETGCTYSrT 
FDFAWNKTYENVQC. 

1.21: Serotype 42 fiber protein 

S(^CPSAI^IFMLLQMKRARPSEDTFNPVYPYGYARNQNIPFLTPPFVSSDGFK 

NFPPGVI^LKLANPlArrNGDVSLKVGGGLTLQDGTGKLTroTKTPLQVAN>nCLE 

LAFDAPLYEKNGKLALKTGHGLAVLTKDIGIPEUGSLVTLTGKGIGTGTVAGGGT 

roVRLGDDGGLSFDKKbDLVAWNKK^RRTLWTTPDPSPNCRVSEDKDSKLTLI 

LTKCG S QIL AS FSLL V VXGT YTTVD KNTTNK Q F S I KLLFT) A N G fCLKS ES NLS G YW 

NYRSDNSVVSTPYDNAVPFMPNTTAYPKIINSTrDPENKLKSSAK.KTIVGNVYLEG 

NAGQPVAVAISFNKEITADYSITFDFAWSKAYETPWFDTSSMTFSY1AQE. 

1.22: Serotype 43 fiber protein 

MPXLTPPF^SSDGFKNFPPGVLSLKLADPITITNGDVSLKVGGGLTVEKESGNLT 

VOTKAPLQVAKGQI^AYDSPFDVKNNMLTLKAGHGLAV\nTKD 

TLVVLTGKGIGTGTSAHGGTIDVTUGKNGSLAroKDGDLVAWDKENDRRTLWT 

TPDTSPNCKMSEAKDSKLTLE^TKCGSQDLGSVSLLAVKGEYQNMTAOTKKKVKI 

TlX^)ANGVLLAGSSXXKEYWNFRS^roSTVSG^^YENAVQFMP^^TAYK^ 

YARSVIFG^^VY^DAKPYNPVVlKISFNQETQ^mC\^SISFDYTLSKDYP^^M 

TLS 

1 .23: Serotype 44 fiber protein 

MPFTJITPFVSSDGFQr^PG\^LKLADPITrTOGr^SLKVGGGLTLQEGTGDLK 

VNAKSPLQVATNKQLE1ALAKPFEEKDGKLALK.IGHGLAVVDENHTHLQSLIGTL 

VILTGKGIGTGSAESGGTIDVRLGSGGGL^FDKDGNLVAWKKDDDRRTLWTTPD 

PSPNCKmQDKDSKLTFVLTKCGSQILANMSLLVVKGKFSMUWKVNGTDDYKK 

FTIKlJJFDEKGVIiKDSSLDKEY^VTsr^ 

TTPTNPTTPLEKSQAKJ^KYVSm/YLGGQAGNPVATTVSFNKETGCTYSnTO 
WNKTYENVQFDSSF 

1.24: Serotype 45 fiber protein 

hnPFLTPPr^SSDGFQ^PGVl^LKLADPIAITNGDVSLKVGGGLTVEKDSGNLK 
VNPKAPLQVTTDKQLEIAI^YPFEVSNGKiGIKAGHGLKVIDKJAGLEGLAGTLV 
VLTGKGIGTEM^SDGSSRGVGINVRLAKDGVlJ^ 

LWTTPDPSPNCTTDQERDSKLTL VLTKCGSQILANV SIX VVKGKFSNINNNANPT 
DKIKJTVKLLJ^EKGVLMDSST^^ 

PKPSTDTSAKPEDKKSAAKRY1VSNVY1GGLPDKTVV1TIKFNAETE 
WAKTFEDVQCDSSSFT 

1.25: Serotype 46 fiber protein 
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Figure 7 cont. 

NIPFLTPPFVSSDGFKNFPPGVLSLKLADPIA^ 

AKAPLQVANDNKl^l^YADPFEVKDTKLQLKVGHGLKVIDEKTSSGLQSUGNL 

VVLTGKGIGTQELKDIODDETKNIGVGINVRIGKNESLAFDKDGNLVAWDNE^ 

RTLWTTPDTSSKFVKISTEKDSKLTLVLTKCGSQIIASVSIXAVAGSYLJ^JMrAST 

QKS1XVSLMFDSKGLLMTTSSIDKGYWNYRNKNSVVGTAYENAIPFMPNLVAYP 

RP^^TDSKIYARSK^VG^^VYLAGLAYQPIVITVSFNQEKDASCAYS^^FEFAW^fKD 

YVGQFDTTSFT 

1.26 Serotype 47 fiber protein 

SQ^APTIFMLLQMKILVRPSEDTFWVYPYGYAR^ 

PPGVLSLKLADPITTmGDVSLKVGCKjLTLQEGTGNLTVNAKAPLQVADDKKLE 

LSYDNPreVSANKLSLKVGHGLKVLDEKNSGGLQELIGKLVILTGKGIGVEELKN 

ADr^RGVGINVRLGKDGGI^roKKGELVAWNnKH^TRTLWTTPDPSPNCKIE 

QDKDSKLTLVLTKCGSQILATMAFQVVKGTYENISK>rrAKKSFSIKLIJ^DNG^ 

LEGSSIJ^KDYWNFRMJDSIMPNQYDNAVPFMPNL 

GKJ^VS^Y1£GKAYQPVAVTITF1MK£TGCTYSITFEFGWAKTYDVPIPFDSSSF 
TFSYIAQE. 

1.27: Serotype 48 fiber protein 

SDlPr^TPPP^SSDGFQNFPPGVl^LKLADPITTrNGNVSLKVGGGLTLQEGTGDLK 

VNAKSPLQVATNXQmALAKPFtEKIX3KLALKJGHELAVVDE^THLQSLIG^ 

VILTGKGIGTGRAESGGTTOVRLGSGGGl^roKIXjNLVAWNKDDDRRTLWT^ 

PSPNCK3DQDKDSKLTP^TKCGSQILANMSIXVVKGKFS^^I^^VNGTDDYKK 

FTIKIJJFDEKGVLLKDSSIJ)KEYWNYRSN^^ 

TPPTNPTTPLEKSQAKr^YVSNVYLGGQAGr^VATTVSFNKCTGCTYSnTO 
WNKTYKMAFIPRFNF 

1.28: Serotype 49 fiber protein 

SCSCPSAPTIFMLLQMKRARPSEIXrFNPVYPYGYARNQNIPFLTPPFVSSDGFQ 

^^PGVI^LKiADPIAITNGNVSLKVGGGLTVEQDSGNLKVNPKAPLQVATDNQ 

l^ISLADPFEVKNKKl^LKVGHGLKVTOEMSTLQGIXGr^VVLTGMGIGTEELK 

KDDKWGSAVNVRLGQDGGLTFDKJCGDLVAWhnOEhnDRRTLWTTPbPSPNCKVS 

EEKDSKLTLVLTKCGSQILASVSIXVVKGKFANIh^^ 

NGKlXTGSSLI)GbrYW>rYKNKDSVIGSPYENAWFMPNSTAYPKro 

KXSAAKKTIVTNVYLGGDAAKPVATTISFT^KETESNCVYSITFDFAW^ 

PFDSS SLTFS YI AQE. 

1.29.: Serotype 51 Fiber protein 

SCSCPSAPTIFMLLQMKJRARPSEDTFWVYPYEDESTSQHPFINPGHSPNGFrQ 

SPrX3VLTmCLTPLTTTGGPLQLKVGGGLIVDDTDGTLQE^VTAPlTKNNHSV 

El^IGNGLCTQrWKJXAKLGNGLKFWGDICIKDSim'LW'rGIKPPPNCQIVENTD 

TNDGKLTLVLVKNGGLVNGYVSLVGVSDTVNQMFTQKSATIQLRLYFDSSGNLL 

TDESNLKJPLKNKSSTATSEAATSSKAFMPSTTAYPF>TITTRDSE1>^ 

SYDRSLWLWSrMLNSRTISSNVAYAIQreWNLNAKESPESNIATLTTSPFFFSYIIE 

DTTKCISLCYVSTCLFFN 
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Figure 9 



Sbfl 
19776 




PCR fragments 



i 



BamHI BamHI 



Fsel Muni Spel 



Sbfl 




1 : AHexl : 5 - CCT GGT GCT GCC AAC AGC- 3' 

2: AHex2: 5 - CC GGATCC CAATTG GGA AAG CGG GCG CGC G- 3* 

3 : AHex3: 5*- CC GGATCC TGATCA AGA AGC AAG CAA CAT CAA CAA C- 3* 

4: AHex4: 5'- GAG AAG GGC ATG GAG GCT G- 3' 
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Figure 10 

1.1: Serotype 34 hexon protein 

l^RRAmFPLVKMATPSMLPQWAYMHIAGQDASEYLSPGLVQFARATDTYFNL 

GNKFRNFTVAPTHDVTTDRSQRLMLRPVPVDREDNTYSYKVRYTLAVGDNRVL 

DMASTFFDIRGVLDRGPSFKPYSGTAYNSLAPKGAPNASQWLDKGVTSTGLVDD 

GNTDDGEEAKKATYTFGNAPVKAEAEITKDGLPVGLEVSTEGPKPIYADKLYQP 

EPQVGDETWTDLDGKTEEYGGRVLKPETKMKPCYGSFAKPTN1KGGQAKVKPK 

EDDGTNNIEYDIDMNFFDLRSQRSELKPKIVMYAENVDLECPDTHVVYKPGVSD 

ASSETNLGQQSMPNRPNY1GFRDNFIGLMYYNSTGNMGVLAGQASQLNAVVDL 

QDRNTELSYQLLDSLGDRTRYFSMWNQAVDSYDPDVRVIEr'rHGVEDELPNYCF 

PLDGVGPRTOSYKEIKPNGDQSTWT^^VDPTGSSELAKGNPFAMEINLQA^fLWRS 

FLYSNVALYLPDSYKYTPSNVTLPENKNTYDYN4NGRVVPPSLVDTYVNIGARWS 

LDAMDNVNPFNHHRNAGLRYRSMLLGNGRYVPFHIQVPQKFFAVKNLLLLPGS 

YTYEWNFRKX)VNMVLQSSLGM)LRVT)GASISFTSIKLYATFFPMAF[NTASTLEA 

MLR^TMDQSF>TOYLSAANNn.YPIPANATNIPISIPSRmVAAFRGWS 

TPSLGSGFDPYFVYSGSn'LDGTFTLNmTKKVSIMFDSSVSWPGNDRLLSPNEFEI 

KRT^GEGYm^AQC>nvlTDWFLVQMLANYMGY(X5FYIPEGYKJDRMYSFFRNF 

QPMSRQVVDEVNYKDFKAVIPYQrTNNSGFVGYMAPTMRQGQPYPANYPYPIJG 

TTAVNSWQKKFLCDRTMWIPFSSWMSMGALTmGQN 

EVDPMDEPTLLYLLFEVFDVVRVQPHRGIIEAVYLRTPFSAGNATT. 

1.2: Serotype 35 hexon protein 

LSRRAPGFPLVKMATPSMLPQWAYMHIAGQDASEYLSPGLVQFARATDTYFNL 

GNKFRNPTVAPTriDVTTDRSQRLMLRFVPVDREDNTYSYKVRYTLAVGDNRVL 

DMASTFFDIRGVLDRGPSFKPYSGTAYNSLAPKGAPNASQWLDKGVTSTGLVDD 

GNTDDGEEAKKATYTFGNAPVKAEAEITKDGLPVGLEVSTEGPKPIYADKLYQP 

EPQVGDTWTDLDGKTEEYGGRNaKPETKMKPCYGSFAKPTNIKGGQAKVKPKE 

DDGT^n^^YDroM^^FFDLRSQRSELKPKIV^^^AEN\^DLECPDTHVVYKJ > GVSDAS 

SETNLGQQMPNRPNYIGFRDNnGLMYYNSTGNMGVLAGQASQLNAVVDLQDR 

NTELSYQLLLSLGDRTRYFSMWNQAVDSYDPDVRVEENHGVEDELPNYCFPLDG 

VGPRTDSYKEIPNGDQSTWTmODPTGSSELAKGNPFANlEINLQANLWRSFLYSN 

VALYLPDSYKYTSNVTLPENKNTYDYMNGRVVPPSLVDTYVN1GARWSLDAMD 

NWPFlWHRNAGRYRSMIJ-GNGRYVPFfflQVPQKFFAVKNLLLLPGSYTYEWN 

FRKD V NM VLQSSLDLR VDG AS ISFTSIhfL Y ATFFPMAHNT ASTLE ANDLRNDTND 

QSFNDYLSAANMLYPIANATNIPISIPSRNWAAFRGWSFTRLKTKETPSLGSGFDP 

YFVYSGSIPYLDGTFYLHTFKXVSIMFDSSVSWPGNDRLLSPKEFEIKRTVDGEGY 

NVAQCNMTKDWFLVQLANYN1GYQGFYIPEGYKDRMYSFFRNFQPMSRQVVDE 

V^^yKDFKAVAIPYQHNNGFVGYMAPTMRQGQPYPA^^YPYPLIGTTAWSVTQK 

KFLCDRTMWRIPFSSNFMS ALTDLGQNMLYANS AHALDMTFEVDPMDEPTLL Y 

LLFEVFDVVRVHQPHRGIIEAVLRTPFSAGNATT. 

1 .3 Serotype 36 hexon protein 
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Figure 10 cont. 

LSRJRAPGFPLVKMATPSMLPQWAYMHIAGQDASEYLSPGLVQFARATDTYFNL 

GNKFRNPTV APTHD VTTDRS QRLMLRFVP VDREDNTYS YKVR YTL A VGDNR VL 

DMASTFFDIRGVLDRGPSFKPYSGTAYNSLAPKGAPNASQWLDKGVTSTGLVDD 

GNTDDGEEAKKATYTFGNAPVKAEAEITKDGLPVGLEVSTEGPKPIYADKLYQP 

EPQVGDTWTOUDGKTEEYGGRVLKPETKMKPCYGSFAKPTN1KGGQAKVKPKE 

DDGTNNIYDIDMNFFDLRSQRSELKPKIVMYAENVDLECPDTHVVYKPGVSDAS 

SEThn^GQQSMPNRPNYlGFRDNFlGLMYYNSTGNMGVLAGQASQLNAVVDLQD 

RNrei^YQIiDSLGDRTRYPSMWNQAVDSYT>PDVRVIENHGVEDELPNYCFPLD 

G VGPRTDS Y KJKPNGDQSTWTN VD PTGSS EL AKGNPFAMEINLQ A NLWRSFL YS 

NVALYLPDSYKYTPSWTLPEKKOTYDYMNGRVVPPSLVDTYVNIGARWSLDA 

MD^^VNPFNHHRAGLRY^lSMLLGNGRYWFHlQV PQKF FAVKNLLLLPGSYTYE 

WT^FRKDVNMVLQSLGWLRVDGASISr^SINL^ 

TNDQSFNDYLSAANMLYPIPANATNIPISIPSRNWAAJFRGWSFTRLKTKETPSLGS 

GTOPYFVYSGSIPYDGTFYLNHTFKJCVSIMFDSSVSWG^RLLSPNEreiKRTVD 

GEGYNVAQCN^KWFLVQMLANYNIGYQGFYIPEGYKDRMYSFFRNFQPMSR 

QVVDEVNYKDFKAVIYQHNNSGFVGYMAPTMRQGQPYPANYPYPLIGTTAVNS 

VTQKKFL05RTMWRIPFSSNFMSMGALTDLGQNMLYANSAHA1JDMTFEVDPM 

DFJTLLYLLFEVFDVVRVQPHRGirEAVYLRTPFSAGNATT. 

1.4: Serotype 41 hexon protein 

VCVHVAARGAAEPPRARJTLVKMATPSMMPQWAYMHIAGQDASEYLSPGLVQ 

FARATDTYFSLGNKra INTFTV APTHD VTTDRSQRLTLRJ^PVDREDTTYSYKAPJ : T 

LAGDNRVLDMASTYFDIRGVLDRGPSFKPYSGTAYNSLAPKGAPNSSQWADKE 

RVNGGGKrKDVTKTFGVAAMGGEDITEKGLKJGTDTTANEPIFADKNFQPEPQV 

GEENQETFVTYGGRALKlCETKMKPCYGSFARP'rNEKGGQAKFTlGDNGQPTENH 

DITMAFDTPGGTITGGTGGPQDELKADIVMYTENINLErPDTHVVYKPGKEDDSS 

EINLVQSMPNRPNYIGFRDKFVGLMYYNSTGNMGVLAGQASQLNAVVDLQDRN 

TELSYQLLDSLGDRTRYFSMWNSAVDSYDPDVRHENHGVEDELPNYCFPLDGSG 

TNSAFQGKIKQNQDGDVNDDWEKDDKVSTQNQICKGN1YAMEINLQANLWKSF 

LYSNVALYLDSYKYTPANVTLPTNTNTYEYMNGRWAPSLVDAYINIGARWSLD 

PMDNVNPFNHRNAGLRYRSNASGQRPLRALPHPSAPKVLCHQEPAPAPGLLHLR 

VELPQGRQHDAEFPRKRPARRRRLRALRQRQPLCHILPHGAQHRLHPGSHAAQR 

HQRPVLQRLPLRQHALPHPGQGHQRAHLHPLAQLGRLSRLEFHPAQDQGNSFPR 

LGFRPLLCLLGLHPLPRJO)LLPQPHLQEGLHHVRLLGQLARQRPAVTPNEFEIKRS 

VDGEGYNVAQCNmCDWFLVQMLSHYNIGYQGFHVPEGYKDRMYSFFRNFQPM 

SRQVVDEINYKDYAVTLPFQHW/SGFTGYLAPTMRQGQPYPANFPYPLIGSTAVP 

SVTQKKFLCDRVN^RJPFSSNmSMGALTDLGQNMLYANSAHALDITPEVDPM 

DEPTLLYLLFEVFDVVVHOPHRGVTEAVYLRTPFSAGNATT. 
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